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DIGITAL TECHNIQUES 


PRINTED CIRCUITRY 


ANALOG COMPUTERS 


AEROBALLISTICS 


The "modern" way to measure, count, 
compute, and control no longer is 
based on the number 10—but rather 
on the number 2 


Printed wiring and printed circuits are 
changing the basic character of 


modern electronic circuits 


It is possible today to fly an airplane, 
drive a tank, aim a gun, or track a 
missile without building the plane, 
tank, gun or missile 


NOTS Aeroballistics Laboratory 
features ballistic photography, 
remote centralized control, and 


complete monitoring of 30 stations 
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In Our First Issue... 


a”, tare Suet 
Ce To begin a long and mutually pleasant acquaintance, | 
ABs ay ao we have a short biography of our editor, Commander * 
‘ Ke Morrison, and his statement on the Mission of MILI- ¢ 
TARY AUTOMATION. We also proudly share with 


you a letter of best wishes from the Secretary of the 


Army, the Honorable Wilber M. Brucker. 


This issue begins three important educational serial 
articles. They are “Printed Circuitry,” “Modern Digital 





Techniques,” and “The Analog Computer.” As these 
topics are developed in this and following issues, we 
expect them to provide an outline of the new techniques 





which are radically altering the design, operation, and 
use of military equipment and systems. 


Note that your editorial content in this publication 






is much more than just “news’’—it is designed to cover 

Break Through Th the basic principles on which modern automation sys- 
© PROBLEm Barrie, tems are based. In future issues these principles will be 

™ put to work in many specific equipments—data han. * 




















Fama dlers, computers, etc. 
& Ae i hemane ares os High oe The fourth feature, complete in this issue, is an ac- ¢/ 
onl oo horta end fetrenie Maltipiions, seme vn count of the ingenuous instrumentation used in the Bal- 
oN in Being creme ne et an listics Laboratory, Naval Ordnance Test Station, China 
Steen te ht bet Promren ee ancan Lake, California, designed to photograph a missile in | 
New Jor tttit Asacuistes, be. Pepe te supersonic flight, and automatically check and counter- 
rsitheeihontaes check all circuits to prevent premature triggering of the 
ed ae He P| A c Te? missile or photographic failures. { 
a ANCH New TE meneame This issue also features a brief biography of a military 
leader in one field of automation, Captain Alden C. 
Packard, USN, Director of the Aeronautical Electronics 
and Electrical Laboratory, NADC, Johnsville, Pa. 
SERS, | Featurettes for this issue include: a Doppler Navi- 
wo i Prt ett wih ay, gational Radar, an extra-high-speed Motion Analysis | 
eget Tans (ft Nong tty Kram ntl and round miteser. des Camera, a practical method of “stockpiling” Defense 
inary ' 2 ie Plants, a supersonic wind tunnel Data Readout sys- } 
i ken rm The ta ee x The decision is precision eee tem, a clutter-operated Anti-clutter Radar Circuit, an 
SEE Goo . «3 it was with Ryan Aeronautical | | tomatic Diesel power-supply for SAGE radar stations 
mt henna no I ee Md Company. and a description of the AEEL, Naval Air Development 
pen hcheroand Wcatas Swisendine seperation et Center, Johnsville, Pa. A Navigational Control System | 
and arto, so a thei arena pan Om ere That is why Ryan selected Electronic Associ- for jets opens our New Products section, which brings ‘ 
red on tome wanes ates’ PACE Analog Computing Equipment to you concise reviews of 52 new products of interest to the ) 
help them break through the problem barrier. military. These, plus the basic techniques in the feature | 
1) EAI'S PACE Equipment provides highest articles, are chosen to sample the wide field of MILI- 
accuracy. 2) EAI sets the PACE for reliability TARY AUTOMATION | 
and versatility. 3) EAl’s unique and econom- ; , ; ee 4 ' 
ical building block method provides for your Other regular departments in this issue include: New 
future as well as present problem barriers. Literature and “LitBits” providing a survey of current 
————— Contact our Computation Centers for a dem- commercial brochures; News; and Trends. All commer- ~ 


onstration or for rental of time. There’s a 


Center serving Eastern Industry in Princeton, cial publicity items will be keyed for easy marking of | 























N. Jone serving Western Industry in Los your postage-free inquiry card, included in each issue. 
Angeles, Calif. For equipment information, Just circle the number if you want more data on any ~ 
write Electronic Associates, Inc., Long Branch, products or services mentioned in the editorial or ad- | ‘ 
New Jersey Dept. MA-2. vertising columns, and drop the card in your mail box. 
. It will be delivered, automatically, to our Remington- 
ELECTRONIC . ; Rand machines. These a will ig gi _ | j 
ASSOCIATES EAISETS THE PP A Cc E your request to its proper destination, and, within a) 
- PRECISION ANALOG [COMPUTINGICQUIPMENT few days, you will have the data you need. This also is) 
AOR IO AER : ; | ‘ 
y/ LONG BRANCH + NEW JERSEY eenediinns 





For more information circle 1 on inquiry card. 
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accurate...rapid 


exceedingly flexible 


and discriminating. 


PANORAM 


offer visual, often 
direct reading, displays 
and play a vital part in 


e vibration and sound analysis 
@ noise analysis 

e geophysical investigations 

@ servo analysis 

e frequency response analysis 


e harmonic and cross modulation 
investigations 


@ monitoring communications channels 


e analyzing characteristics of AM, 
FM and pulsed signals 


e checking telemetering or carrier 
current systems for distortions, 
hum, noise, microphonics, 
interference, channel spillover 


e monitoring magnetic tape re-recordings 


They are proved performers in plants, 
laboratories and military applications. 
Operation is simple and reliable. In- 
terpretation easy. Whatever your 
problem, there is a Panoramic Instru- 
ment to answer your needs. Write, 
wire, phone for Panoramic's Catalog 
Digest and other descriptive data. A 
Panoramic Applications Engineer is 
always available to discuss specific 
problems. Special instruments to order. 


the — 


Pa 


is the leader 


» RADIO PRODUCTS, INC. 





15-19 South Second Avenue 
Phone: MOunt Vernon 4-3970 Cables: Panoramic, Mount Vernon, New York State 


For more information circle 2 on inquiry card. 
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instruments 


Panoramic Sub-Sonic Analyzer, Models LF-1 
and LF-2 for waveform ae 
analysis, 0.5 cps—2250 cps, 
features 0.1 cps to 20 cps 
resolution, 40 db dynamic 
range, six scanning widths, 
and permanent paper re- 
cordings. 





LF-2 
Panoramic Sonic Analyzer, Model LP-1a 
for waveform analysis, 
40 cps—20 ke log scan 
or 200, 1000 and 5000 
cps lin scan seg- 
ments centered 
anywhere be- . 2 
tween 0 to 20 ke; _— 
_ features direct LP-la 
} reading, 60 db dynamic range, linear and 
log amplitude scales. 


Panoramic Ultrasonic Analyzer, 
Model SB-7aZ 
for waveform 
analysis, | ke— 
300 kc, features 
continuously var- 
iable linear scan- 
ning widths and 
resolution, linear 
and log ampli- 
tude scales, exceptional sensitivity. 

Panoramic Panalyzors and Panadaptors for 
RF, VHF and UHF spectrum analysis feature 
continuously variable 
sweepwidths, resolu- 
tion and scan rates; 
long or short persist- 
ence displays, linear 
or log amplitude 
scales; and are unique 
in that they offer the 
advantages of wide 
scan display yet permit examination of closely 
adjacent signals. Special features, sweepwidth, 
scan rate and resolution vary with the model 
and type selected. 5 models in 2! different 
types fulfill almost every need from low-cost 
general purpose instruments to those for highly 
special applications. 


Panoramic Spectrum Analyzer, Model SPA- 
1 for microwave spectrum 
analysis, 50 mc—4000 mc, 
features two tuning heads 
(RF-2 from 50 mc to 250 
mc; RF-3 from 220 mc to 
4000 mc in five ranges), 
with a single tuning control 
dial having an accuracy of 
+1%, continuously varia- 
ble resolution, sweep rate 
and differential markers, 
tivities. 

Panoramic Sweep Generators, Models G-2 
and G-3 convert the 
LP-la and SB-7aZ, re- 
spectively, into single 
line response curve tra- 
cers, discriminate 
against noise and hum, G-2 

show response to fundamental frequency only, 
and assure accurate frequency response meas- 
urement. 


Panoramic Telemetering Instruments pro- 
vide a simple, reliable almost instantaneous 
method of checking 
FM/FM telemetering or 
carrier current system 
operation. These consist 
of Model TMI-1 Panor- 
amic's Telemetering In- 
dicator and Models 
TMC-1, TMC-307, neeeeiiiaieil 
TMC-211 Panoramic's TMI-1 
Telemetering Frequency Calibrators. 


Mount Vernon, New York 
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SILICON 
DIODES 


SILICON 
TRANSISTORS 


SILICON POWER | 
RECTIFIERS 






























RAYTHEON PNP Silicon Transistors 


are made by the Raytheon developed fusion- 
alloy process used in making over 50% of all 
transistors produced. Reliability is assured as 
well as long life and superior performance at 
temperatures to 150° C. Noise is unusually 
low. 


RAYTHEON Silicon Power Rectifiers 

operate reliably at temperatures to 150° C, 
have ratings to 325 volts peak and 15 amperes 
average with rectification efficiencies to over 


99%. 


|!] 
















RAYTHEON Reliable Subminiature Tubes 


more than meet military specifications for all 
the characteristics important to guided missile 
and other airborne electronic applications in- 
cluding bulb temperature ratings to 265°C. 
No other manufacturer can equal Raytheon’s 
experience in subminiature tube engineering 
and production. 


RELIABLE MINIATURE AND SUBMINIATURE TUBES ° 
VOLTAGE REGULATOR TUBES ° PENCIL TUBES 


-, 


JUNCTION RECTIFIERS 


RELIABLE 
SUBMINIATURE 
TUBES 


SILICON DIFFUSED 


Ertere is the only complete line 


RAYTHEON Silicon Diffused Junction Rectifiers 
operate to 150° C, have ratings to 600 volts 
peak and 500 mA. Rectification efficiencies 
are high and the diffused junction process as- 
sures uniformity surpassing that of previously 
available rectifiers. 


RAYTHEON Bonded Silicon Diodes 


operate to 150° C and combine low reverse 
current, exceptional stability and uniformity 
with small size for a variety of applications 
requiring peak voltages to 300 volts and cur- 
rents to 80 mA. , 


Raytheon’s complete line puts Raytheon sales en- 
gineers in a particularly good position to help 
you procure the best unit for each application. 
For detailed information and specifications get 
in touch with our nearest office. 


For more information circle 3 on inquiry card. 








RAYTHEON MFG. COMPANY 


SILICON AND GERMANIUM DIODES AND TRANSISTORS « SILICON POWER RECTIFIERS 
VOLTAGE REFERENCE TUBES 
NUCLEONIC TUBES 


WEWTON, MASS: 55 Chapel St. ¢ Bigelow 4-7500 
WEW YORK: 589 Fifth Ave. «© Plaza 9-3900 
CMCAGO: 9501 Grand Ave., Franklin Park « TUxedo 9-5400 
LOS ANGELES: 5236 Santa Monica Bivd. « NOrmandy 5-4221 
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Commander 


_C. O. MORRISON 
Named Editor 


’ 


OMMANDER Claude Morrison of the Pacific Re- 

serve Fleet, Treasure Island, California, has ac- 
cepted appointment as Editor of the new national 

publication MILITARY AUTOMATION. 

| Commander Morrison has served in uniform as Head 
of the Electronics Section, Training Manuals Division, 
Naval Training Publications Center, Washington, D. C.; 
as Commanding Officer, Naval Unit, Chemical Corps 
School, Fort McLellan, Alabama; as Executive Officer of 
the amphibious attack cargo ship, USS RANKIN; as 
Assistant Logistics Officer for Electronics for the Com- 
mander, Pacific Reserve Fleet, Treasure Island, Califor- 
nia (his present position). 

His wartime service includes duty as Radar Material 
Officer on the USS HORNET (CV-8). After the sinking 
of the HORNET, Morrison was retained in the South 
Pacific as airborne radar officer under Admiral Marc 
Mitscher, whereby he coordinated airborne radar main- 
tainance for Army, Navy, Marine and Australian air- 
forces on the Russel Islands, Guadalcanal and Tulagi. 

In February, 1944 he was assigned to the Electronics 

Section, Quality Control Division, Training Activity, 
, Bureau of Naval Personnel. For eight months he was 
i assigned to the Office of Chief of Naval Operations, in 
| charge of allocations of electronic equipment for Naval 


— Se <a 


= 


Training, including the then-new techniques of radar 
) training via simulation. His final wartime duty was as 
Airborne Electronics Officer on the USS F. D. ROOSE- 

VELT, then in pre-commissioned status. 

Morrison attended Simpson College, Indianola, Iowa, 
j}and the University of Nebraska, and has a Master’s De- 
i gree in Adult Education. He has been Electrical Trades 

Teacher at the Lincoln, Nebraska High School. 

He has administered naval training courses in atomic, 
‘biological and chemical warfare, and has supervised 
jtext books for Naval training in basic electronics, com- 
|munications, radar, sonar, fire control, and others. Com- 
‘wore and Mrs. Morrison have two sons—Don, a 
\chemical engineer with Shell Refinery at Martinez and 
\ incent, wind tunnel engineer with Lockheed Aircraft. 
i 


Their daughter Marguerite is an occupational therapist. 
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+1% tolerance capacitors are available from Efcon in production lots. Miniature 
capacitors of even greater precision will be made to your order, with either polystyrene —_- 
or Mylar* film dielectric. oe) 
Efcon precision miniature capacitors have the lowest dissipation factors of any — 
film capacitors. Both polystyrene and Mylar* film capacitors come in rigid, wax- 
impregnated cardboard tubes and in hermetically sealed metal cases. The hermetically 
sealed types feature glass-to-metal, solder-sealed terminals, and meet all applicable _ : 
Mil specs. oo 
All Efcon capacitors have extended foil construction with leads soldered directly 
to the foil, to minimize inductance and contact-resistance. 4 
For analog and digital computers, communications filters, pulse-timing circuits and =” 
other equipment that demands temperature stability, precision and long-term reliability —__ 


—specify Efcon capacitors! | 
EFCON 


WHERE CLOSE TOLERANCE § 1S STANDARD TOLERANCE 


ELECTRONIC FABRICATORS, INCORPORATED 12 skoapway, NEW YORK 12, LY. 
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Soon to appear in 
MILITARY AUTOMATION... 


A significant development in the recruiting and 
training of engineers for military research pro- 
grams. 

Selected Military Electronic Circuits. 

Applications of automation to problems of hu 
midity control and cathodic protection in ships of 
the Reserve Fleet. 

Operating tests of installed electronic systems in 
ships. 

A survey of the electronic and technical training 
courses offered in the Armed Forces Reserve Or- 





ganizations. 
High-temperature electronic component develop- 
ments. 
| The Defense Department Cataloging and Stand- 
ardization Programs as applied to electronic com- 
ponents and equipment. } 


Amendments and revisions to Military Specifica- 
tions in the field of military automation. 

Various systems of aircraft navigation and con- 
trol, surveyed and related to the Five Year Plan 
for development of the Federal Airway Control 
System. 

Surveys in the fields of Military Sonar, Radar, 
Communications, Guided Missiles, and Infrared 
applications. 


‘ 





Articles on waveguide transmission, traveling 
wave tube applications, digital computers, analog 
computers, printed circuits, synchros, transistors, 
atomic power, weapons systems analysis, radio in- 
terference elimination and Xerography. 

Developments in reliability studies and quality 
control; model basin, windtunnel and test-range 
instrumentation; automatic readout to digital com- 
puters: new display tube techniques. 

New products, new literature, and news concerning 
persons of military experience now in industry and 
education. ' 

If you approve—or disapprove—of our treatment of 7 
any subject, we will appreciate your thoughts. In short | 

we hope our “Letters to the Editor” department will 
grow. 


OP 





To Our Military Readers: 


We recognize that many military personnel now as- 
signed in billets where they are responsible for admin- 
istration or decisions involving electronic maintenance, 

: 
1 


ee ee 


design or logistics, may be, within a few months or 

years, reassigned to a different billet. With this in mind, | 
we have encouraged military commands to supply us 
with addresses by key electronics billets, with the ex- 
pectation that each copy would reach a number of in 

terested readers. 

However, now that you have seen your first issue, and 9 
have noted the number of basic articles we are running 
—many of them in serial form—you may want your 
own MILITARY AUTOMATION file for future refer- 
ence and study rather than relying on your turn with? 
the routed office copy. If you are personally interested 
in this rapidly developing field, we suggest that you 
fill out the application blank on the inside back 
cover and mail it in. A few extra copies of this issue 
were printed for those of you who want your own com 
plete file. (Oh yes, tell your civilian engineer and tech- 9 
| nician friends that their requests are also welcome.) 


Claude O. Morrison, Ediorl 


MILITARY AUTOMATION) 
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Your editorial 

staff is pleased 

and proud to 

share this letter 

of best wishes 

from The Honorable 
WILBER M. BRUCKER, 
SECRETARY OF 

THE ARMY, with 

all our readers 


and advertisers. 


SECRETARY OF THE ARMY 
WASHINGTON 


Today's Army relies increasingly on electronic automa- 
tion. It is, indeed, playing a most vital role in the Department 
of the Army's personnel and logistics management program, 
Automatic data processing offers inherent advantages over present 
data processing methods. This results in improved quality, quan- 
tity, and timeliness of information required for military manage- 
ment actions. 


Any publication designed to disseminate knowledge and 
intensify interest in the automation field aids in contributing to 
the accomplishment of ''Our Army's''mission. As MILITARY 
AUTOMATION is launched, the Army sends every good wish for 


its continued success, 


Wilber M. Brucker 
Secretary of the Army 


| Jonuary-February, 1957 
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“Cubic Inch" rate and integrating types 
for missile and rocket guidance systems 
Ideal for all applications involving 


severe environmental conditions. 


ola -t-4-10 ig - Me de-lal-telelet-la— 


Absolute and differential types for use with nitric 
acids, 90% hydrogen peroxide, UODMH and othe: 
corrosive propellants and oxidants, at pressures up to 


4000 psi and temperatures as high as 500°F. 


%, 
Oy 


RAHM INSTRUMENTS, INC. 


237 Lafayette Street, New York 12, N. Y. 
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KOLLSMAN INSTRUMENT CORPORATION, Elm- 
hurst, N» Y., has a $26-million contract for production 
of a new and revolutionary Automatic Astro Compass 
developed for the Air Research and Development Com- 
mand, USAF. 

GENERAL PRECISION LABORATORY announces 


a $17-million contract from Air Materiel Command, 
Wright-Patterson Air Force Base, Ohio, for additional 
AN/APN-81 and AN/APN-89 Doppler navigation sys- 
tems (story on page 40). 

TEMCO AIRCRAFT CORP., Dallas, is named prime 
contractor by the Bureau of Aeronautics of the U. 5. 
Navy for design and development of a new guided- 
missile weapons system for approximately $16 million. 
FORD INSTRUMENT CO., Div. of Sperry Rand 
Corp., has a contract in excess of $15 million from the 
Air Force for production of a new all-weather navigation 
system (ASN-7) that continuously and automatically 
tells a pilot where he is, the direction he should fly and 
distance to his destination. 

GOVERNMENT DIVISION of Allen B. DuMont Lab- 
oratories, Inc., has a $1,400,000 subcontract from the 
Military Products Division of International Business 
Machines Corp. for precise electronic equipment for use 
with a new and improved navigation and bombing sys- 
tem for military aircraft. 








GERBER EQUAMETER 


MECHANICAL EQUATION FINDER 
FOR DATA REDUCTION 


cam Eg 







Electrically driven or 
manually operated models. 


The Gerber Equameter performs harmonic 
analysis and least square and polynomial equa- 
tions on plotted or recorded curves. Easily 
used. Saves valuable time. 

Also available: Gerber Variable Scales for 
direct reading of oscillograms with any linear 
or non-linear scale factors. Gerber Derivi- 
meter for direct reading of slopes on plotted or 
recorded curves. 


Group demonstrations upon request. 


GERBER SCIENTIFIC INSTRUMENT CO. 


162 State Street Hartford, Connecticut 
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The application of digital computers to the direct 
control of processes brings up these two questions: 
(1) Can the control functions be properly formulated ? 
(2) Can computers be made reliable enough? 

Speed is no problem. Today's memory developments 
offer practically instantaneous access. A 50 kc or 100 kc 
serial computer is fast enough to satisfy most control oper- 
ations. When this is not fast enough, the overall speed 
can easily be increased one or two orders of magnitude 
through the use of a parallel machine. 

There is another way of speeding up a computer. Rather 
than build a general purpose machine which can compute 
any problem we like to code into it, special purpose com- 
puters can be designed and built for special jobs. The 
same proven elements would be utilized, but would be 
arranged in different arrays in order to come up faster 
and more directly with the desired solution. The resulting 
machine would most likely do the job faster without actu- 
ally increasing the repetition rate. 

The problem of reliability is not so easily disposed of. 
In the past, digital computers were primarily used as 
mathematical tools to compute lengthy mathematical prob- 
lems or to process repetitive data. If a computer made an 
error once every billion operations (which at the rate of 
100 kc would be every three hours), it was not too serious. 
The error was caught and the problem, at the worst, 
computed again. 

The moment we start thinking about a computer in 
direct control applications, the problem becomes more 
critical. If the computer controls some sort of manufactur- 
ing or chemical process, a single error at the wrong time 
in the wrong spot can be catastrophic. Under such cir- 
cumstances, an error probability of 1 in a billion cannot 
be tolerated. An almost errorless operation is required. 

Most digital computers presently in production have a 
large number of hot vacuum tubes. These are the least 
reliable elements in a computer. Their filaments burn out; 
envelopes leak; or various fragile elements short. 

During the last decade, a series of solid state elements 
has been developed which make it feasible to build a 
computer without vacuum tubes or moving elements. The 
diode, the transistor, the magnetic amplifier, the magnetic 
core and several other elements in this class can be ex- 
pected, unless abused, to live and operate without mis- 
takes practically indefinitely. Furthermore, they are con- 
siderably smaller, lighter, and less power consuming. 

Consider a flip-flop, for example. Utilizing vacuum 
tubes, a flip-flop consists of at least a double triode, several 
crystal diodes, resistors, capacitors, plus the necessary hard- 


COMPUTERS AND PROCESS CONTROL discussed by &2éc Wess 





Eric Weiss, nationally-recognized authority on computer 
philosophy and design, discusses the use of digital 
computers in process control. 


ware to mount the same. Such an assembly normally occu. 
pied the same space as a king-size package of cigarettes, 
and the required accessory equipment, such as power 
supply or air conditioning, occupied a similar space. In 
contrast, a transistor flip-flop could be packaged in a vol- 
ume of the size of a peanut shell with the corresponding 
power supply even less. The power consumption is so 
minute that the unit can be potted and it is quite likely in 
the near future a whole computer could be potted. 

The major obstacle to the use of computers in control 
applications is the lack of understanding of the processes 
which are to be controlled. A scientist can play with a 
general purpose computer in a control system. He can 
code it by trial and error. Once the formulae have been 
determined, a special purpose computer that would be 
smaller, faster, and more efficient, can be built to control 
the process. 

By applying the latest proven techniques, our well- 
qualified staff at Daystrom Systems is prepared to take 
single responsibility of assembling and installing a system 
to meet your needs, We are currently compiling a file of 
new applications and papers on various parts of systems, 
both industrial and military. If you are interested in re- 
ceiving the file and periodic additions, please write us. 


2) STROM SYSTEMS 


DIVISION OF DAYSTROM, INC. 
S640 LA JOLLA BOULEVARD 
LA JOLLA, CALIF., GL 4-0421 


or more information circle 6 on inquiry card. 
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HE Department of Defense has pointed out that 

technological changes in the nature of warfare may 

soon demand widespread and fundamental changes 
in the structure of our Armed Forces as they now exist. 
President Eisenhower has indicated his general approval 
of developments that might permit the concentration of 
available manpower in those areas of greatest effective- 
ness for the safety. and development of our nation. Some 
news columnists have avidly siezed on these pronounce- 
ments as auguring an exciting new round of interservice 
rivalry to determine which service should be the chief 
custodian of a “push-button weapon” which would ob- 
solete all other forms of warfare, “small” or “large.” 
This attitude sadly undervalues the true significance of 
events. 





Rather, the emergence and perfection of integrated 
weapons systems comprising nuclear warheads, nuclear 
propulsion power, guided missiles, anti-missiles, and 
chemical and biological munitions require that organi- 

zational, logistic, tactical, and strategic planning of each 
} branch of the service be continually coordinated with 
and oriented to these changing facts of military combat. 
| The ability and genius of service leaders with proven 
| combat experience, working cooperatively within the 
framework of the Department of Defense in the light of 
all the information that our scientists and engineers can 
provide is being brought to bear on this complex problem 
at all levels. Public debate on these issues can contribute 
little of value to our country’s defense—but a great deal 
to the information and comfort of potential enemies. 


OUR MISSION 


However, there is a legitimate and useful area in which 
public journalism is vitally needed. Although the perform- 
ance capabilities of our weapons, evaluations of military 
readiness, and even the existance of embryonic weapons 
must be shrouded in secrecy at the summit of the mili- 
tary information mountain, the greater body of informa- 
tion and technique which makes up the base of the 
mountain is unclassified. It is vital to our national secur- 
ity that these basic concepts be thoroughly and widely 
disseminated—not only among technical personnel of 
the American Armed Forces, but also among the civilian 
scientists, engineers and technicians who develop and 
maintain these complicated technical systems. Particu- 
larly among military line personnel, a functional under- 
standing of automation* in all its military forms is 
needed to an ever-increasing degree. The new weapons 
systems have introduced complexities that would be in- 
surmountable without help from the techniques of auto- 
mation. Also, “cross-service” information on technical 
levels is needed to make unification operate. Rapid dis- 
semination of this information to all levels cannot be 
accomplished by classified publications. Fortunately, the 
base of the mountain—the functional understanding of 
military automation needed by the American Militia—is 
as unclassified as Davy Crockett’s powderhorn and rifle 
were in the days of the wild frontier. Part of the mission 
of MILITARY AUTOMATION thus becomes this wide 
dissemination of knowledge about the principles and 
practices of automation equipments to technical person- 
nel working on military-type assignments, directly or 
indirectly. 














*Automation—the use of devices (electrical, electron- 
ic, mechanical, pneumatic and hydraulic) for per- 
forming automatic decisions and efforts—Editors. 
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Other countries recognize the importance of a large 
supply of technically and scientifically trained personnel 
in their population and are reported to be ahead of the 
United States in the rate at which scientists and engineers 
are being trained. State control of industry, research 
and education enables these countries to concentrate 
training in any desired direction. One American answer 
to this challenge can be to utilize the powerful education- 
al force of commercial advertising to help overcome this 
lead. This is also a part of our mission. 

Although automation is most often considered an in- 
dustrial technique, the automation concept is not only 
a key military consideration, but historically grew out 
of the military into the industrial scene, rather than vice 
versa. Eli Whitney’s invention of the assembly line 
method was first applied to the manufacture of muskets; 
fire-control computers preceded the use and development 
of general-purpose computers for industry; automatic 
techniques in military communications systems preceded 
such developments in industry; and automatic production 
systems for military electronic components were followed 
by their industrial counterparts. Significantly, automa- 
tion has been developed most often and used first in the 
military, then in industry. It is fitting that these automa- 
tion techniques for the military be given the recognition 
and treatment they deserve via their own publication, 
MILITARY AUTOMATION. This should, in turn, ac- 
celerate the rate at which the techniques develop and are 
applied in their inevitable industrial applications. This 
also is a part of our mission. 

If our present military expenditures were to result only 
in large supplies of military hardware of rapid obsoles- 
cence rate, our society might well ponder their value. 
But the industrial implications alone of the research 
and dev-lopment programs now under the aegis of the 
military could justify those expenditures—apart from 
the question of national security. Indeed, long-range 
security may well depend more on the progressive nature 
of our research, more on the channels of communication 
between industry and the military, more on the state of 
alertness and the intelligence of our military personnel, 
than on any stock-pile of munitions. Part of our mission 
thus becomes that of maintaining a clear channel between 
industry and the military, and of helping military person- 
nel to keep themselves well informed and alert to the 
implications and applications of automation. 

By furnishing a publication of wide distribution to 
technical military personnel in the armed forces, and to 
design engineers in supporting industry, featuring articles 
pitched at a practical “technical chief-to-officer-to-project 
engineer” level, we hope to increase and widen the 
fields in which each reader has a competent understand- 
ing; and, simultaneously, to help him relate the growth of 
his own specialty and branch to trends and developments 
in other branches of his own and allied services. We 
believe that in the unclassified and broadly defined field 
of MILITARY AUTOMATION we can provide that serv- 
ice, and this publication is our pledge that we intend so 
to do.—Claude O. Morrison 








French Navy Switchboard 


PARIS, FRANCE 


Telecommunications, an IT&T Research Associate, 


The Laboratoires Central de 


has constructed a fully automatic telephone switch- 
board for the French Navy. This switchboard will 
replace the manual switchboards previously _re- 
quired to provide the dependability needed for 
combat and fire-control telephone circuits. The 
ability to withstand gunfire shocks, vibration, and 
rugged climatic conditions was achieved by elimi- 
nating all mechanical movements and metallic con- 
tacts, vacuum tubes, vapor tubes, and transistors in 
its design. Instead, it establishes interconnections 
by two basic components; (1) a silicon junction 
diode manufactured by LCT, and (2) a magnetic 





Auto-Switches for French Ships 


tripper comprising a saturable inductance placed 
in series with a capacitance to form a ferroresonant 
circuit. The speech currents pass through gates 
formed by these diodes and controlled by these 
trippers. The model shown here serves 20  sub- 
scriber lines, allows four simultaneous calls and 
two simultaneous dialings. Although now using 
magnetic amplifiers to supply ringing and busy 
tones, and employing standard dial subscriber sets. 
future design will reduce the weight of the ringing- 


tone generator and ruggedize the sub-set. 


Supersonic Navigation 


L.1.C.. N. Y.—Ford Instrument Company has 
been awarded an Air Force contract in excess of 





Computer Control 


$15,000,000 for production of the ASN-7  all- 
weather navigation system that continuously and 
automatically tells a pilot where he is, the direction 
he should fly and the distance to his destination. 
Flight tested and evaluated at Florida’s Eglin Air 
Force Base in 1955 and 1956, the ASN-7 will be 
installed in the latest high-speed fighter, reconnais- 
sance. bomber and cargo aircraft. 


High-Temperature Piezo-element 


NEW YORK, N. Y. 


quantities of lead metaniobate, an unusual new 


Pilot production of limited 


high-temperature material with numerous possible 
defense applications in guided missiles and jet en- 
gines underway at the General Electric Company. 
Lead Metaniobate is a piezoelectric material, which 
gives off small voltages when acted upon by out- 
side physical forces such as vibration. It retains 
most of its properties up to 500 degrees, Centi- 


grade. 


Missile Ship Stabilized 


NEW YORK, N. Y.—U. 


S. Navy's experimental 


ship, COMPASS ISLAND, forerunner of a fleet 


of nuclear-powered surface and submarine ballistic 





Missile Ship Grows Fins 


missile launching vessels was commissioned Decem- 
ber 3rd, 1956, at the New York Naval Shipyard. 
Key to its all weather, all latitude, day and night 
capability is the ship’s inertial navigational system 
(SINS), a new development of the Navy’s Special 
Projects Office of the Bureau of Ordnance and 
Sperry Gyroscope Company. The system determines 
ship position (latitude and longitude), true North. 
and the ship’s speed over “ground.” With known 
target location and ballistic trajectory, success de- 
pends on knowing location of the launching point 
to a degree of accuracy never hitherto attained at 
sea. This is done with a telescope that automatically 
aligns itself upon a star by means of photoelectric 
cells. The telescope is mounted on a stabilized plat- 
form which will remain precisely level regardless ot 
rolling and pitching of the ship. Underwater fin 
stabilizers reduce ship’s roll to 1144 degrees in a sea 
that makes sister ships roll 15 degrees. Action of the 
Sperry Gyrofin stabilizer is automatically con- 
trolled by instruments which measure roll rate, roll 
angle and roll acceleration then compute proper 
stabilizing moment. Compact sensors then transmit, 
through magnetic amplifiers, the required anti-roll 
signals to hydraulic actuators which directly oper- 
ate each fin shaft. Fins may be retracted into re- 
cesses in the hull when not in use. 


Sidewinder 


PHILADELPHIA, PA.—*Sidewinder” air-to-air 
guided missile is now being produced for the Navy 
Department, Bureau of Ordnance, by Philco’s Gov- 
ernment and Industrial Division. Small and light 
enough to be carried in quantity by single-seat in- 
terceptor planes, the missile may be fired singly or 
in salvos. Sidewinder requires no complex launch- 


ing equipment, is maneuverable at supersonic 





speeds, has an unusually high single-shot “kill” 
reliability, requires no special pilot training and 
may be launched well beyond reach of an enemy 
aircraft's defense. The Navy. with aircraft carrier 
space limitations, is especially enthusiastic about 
the weapon’s simplicity, small size and light weight. 
Sidewinder, using thermic homing. was developed 
by the Naval Ordnance Test Station, China Lake, 
Calif. (See article this issue.) 
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Thinnest Wing Flying 


BURBANK, CALIF.—Unusual configuration of 
the new Lockheed F-104 Starfighter, designed for 
sharp maneuverability at supersonic speeds, is dem- 
onstrated in this first flight photo. Wings, thinner 
than on rocket planes, are almost knife-keen on 
the edge and slant downward from the fuselage. 





For precision control at supersonic speeds, the 
horizontal stabilizer is placed high on the fin and 
moves as a single unit. Production models use the 
new General Electric J-79 engine, possessing the 
highest ratio of thrust per pound weight of any 
engine in its power class. 

Separate units of the integrated electronics sys- 
tem can be quickly plugged in place, or unplugged, 
to provide the airplane with only the electronics 
equipment needed for a specific mission being 
flown. Unnecessary weight is thus eliminated. 


Printer Plotter 


ABERDEEN PROVING GROUND, MD.—An 
ultra-high-speed printer-plotter (BEPOC), has been 
developed by Burroughs Corporation for the Ballis- 
tics Research Laboratories under an Army Ord- 
nance Contract. It can accept the high-speed output 
of a computer. Used in connection with ORDVAC, 
the Proving Ground’s Ballistic Research Labora- 
tory computer, BEPOC actually operates as a high- 
speed page printer in translating the computer’s 
words into printed plotting positions and alpha- 
numeric information on continuous rolls of page- 
width paper at a speed of 300 plotting points per 
second, In tests a laboratory model has printed 
5,000 characters per second serially. 

BEPOC has been confined to test work on exist- 
ing ballistic missile data, but could be applied to 
actual “in flight” data to produce a second-by- 
second record of missle’s flight, giving position, 
operating characteristics and environmental con- 
ditions. 

Consideration is being given to using BEPOC in 
conjunction with ORDVAC to process data from 
the 80 rockets to be fired at Ft. Churchill during the 
U. S. participation in International Geophysical 
Year experiments. Plans are also being considered 
for its processing data from the nation’s first Earth 
Satellite. 
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The Exactel 
principle . . . 


A differential transformer is continuous- 
ly positioned by a servo to be electrically 
centered about a float containing mag- 
netic material. A proportional shaft posi- 
tion in the servo transmission is then 
analogous to the position of the liquid 
column. Floats have been developed for 
Mercury, wetting liquids and oils which 
demonstrate almost infinite resolution, 
using the surface characteristics of the 
liquids to advantage and operating in the 
AC field of the differential transformer. 


Basic advantages 


@ Different liquids can be used in the 
same manometer. 


@ Optional use of metal manometer 
tube permits great ranges, high pres- 
sure applications; greater safety. 


Sensitivity in excess of one Micron. 
High response servo performance. 


Greater null stability. The balance 
position of the differential trans- 
former cannot be affected by aging 
* components, line voltage variation, 

adjustment of any electronic control, 
or change of vacuum tube character- 
istics. 

e “Translating” of output data to any 
selected reference temperature. 

@ Unique form of Barometer construc- 
tion permits permanently evacuated 
reference. 


Design features 


Exactel precision perforated steel tape 
used for linear transmission combines 
the precision of lead screws with light 
weight, reduced power loss, high speed. 


Use of slotted mounting plate permits 
great flexibility — readout in any man- 
ometric units, choice of speed-torque 
ratios in gearing, and use of any con- 
ventional output devices. 


No installation requirements beyond 
filling and leveling with four corner 
screws. 


No heat liberating servo components 


are located within manometer enclo- 
sures. 


These are only a few of 30 to 40 ad- 
vantages over most other liquid level 
and pressure instruments. 


Priced to attract many new fields of application. 


Write for Exactel Bulletin 
500” which describes new 
models and includes helpful in- 
formation on use of servomano- 
meters 
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38 NEW 
SERVOMANOMETERS 


Precision of a liquid manometer 
..» Utility of a servo instrument 


e Five standard ranges, 32” te 120”; 10 optional features 
¢ Readout in Inches, Centimeters, Millibars or Microns 

e Choice of servo characteristics 

e Barometer, Absolute or Differential Pressure construction 
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Exactel Servomanometers are built which have a sensitivity and least 
unit of one micron. Another has a theoretical accuracy of better than 
0.01% of reading, 144,000scale units, and is believed to be the most 
accurate primary pressure standard in existence. An Exactel instru- 
ment used as a steam flowmeter in the development of turbines, op- 
erates with steam pressures as high as 6000 psi. Others are used in 
what are believed to be the most accurate wind tunnel Machmeters 
yet built. They are available in great ranges heretofore impractical. 











) Illustrated: Differential Model 
No. 520D; 20” range, 
least counter unit 0.001” 


EARLY DELIVERY ON ALL MODELS 


The operating principle of Exactel Servomanometers is 
believed to be the most accurate pressure measurement 
technique ever developed. Even more important is the 
unique combination of characteristics that move it out 
of the laboratory and into production lines and innumer- 
able applications that require an operational instrument 
. .. wherever there is a need for assured accuracy and the 
versatility of a proportional shaft output. 


Seven years experience, research and 
development in servomanometers . 


EXACTEL INSTRUMENT CO. 


5545 Eva Avenue ° Los Altos, California * Yorkshire 7-2267 


For more information circle 8 on inquiry card. 
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News—continued 





Recorders Withstand Arctic 


PHILADELPHIA. PA.—Scientists from the 
Snow, Ice and Permafrost Research Establishment. 
Corps of Engineers, U.S. Army, took Leeds & 





7-Weeks of Cold Facts 


Northrup instruments to the 2-mile-thick Green- 
land ice cap for snow drift and whiteout studies 
conducted by the Climatic and Environmental Re- 
search Branch of SIPRE. Speedomax recorders ac- 
curately measured air temperature, dew point, radi- 
ation and other variables for seven weeks of con- 
tinuous operation. 


Ceramic Coated Wire 


NEW YORK, N. Y.—A wire capable of with- 
standing extreme temperatures with a surface that 
will take a ceramic coating is being produced in 
diameters ranging from 5 to 70 mils for use in 
motors, transformers and other electrical compo- 
nents in the high-temperature, radiation-tolerant 
equipment line. 

The new wire, developed by G. E. Lamp Leads 
and Bases Dept., is to be manufactured in quanti- 
ties sufficient to supply other operating depart- 
ments for use in their own development of equip- 
ment, 














Where do you belong iniE 


Computer Circuit Design Engineers plan elec- 
tronic circuitry for advanced airborne analog 
and digital computers . . . design linear and 
pulse circuits employing transistors, tubes, 
magnetic devices. Opportunities also exist 
in airborne power supply design, or to 
develop new techniques for marginally check- 
ing computer performance. Do you belong 
on this team? 


Harry Branning (center): B.S.E.E. 1950, 
Syracuse. Design Engineer in circuit design, 
1951; October, 1954, promoted to Associate 
Engineer; April, 1956, promoted to Staff 
Engineer, Systems Planning. In June, 1956, 
appointed Project Engineer and Manager of 
the 110 Computer Circuit Design Depart- 
ment; discussing the performance and pack- 
aging details of a transistorized read amplifier. 


fh 


Computer Logical Design Engineers determine 
the systems outline of a computer and its 
inter-connection with external equipment. 
Close liaison is maintained with mathematical 
support, circuit design, packaging and test 
engineers. Computer speed, memory size, con- 
figuration and arithmetic structure are tailored 
to requirements of weapons systems. Do you 
belong on this team? 


William Dunn (standing): M.E. 1950, M.S.E.E. 
1952, Stevens Institute. Technical Engineer, 
1955; April, -1956, promoted to Associate 
Engineer; August, 1956, transferred to De- 
velopment Engineering in charge of Logical 
Design for digital computers in advanced 
weapons systems; here discussing Boolean 
Algebra method of optimizing the logical de- 
sign of an airborne digital computer. 
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Systems Evaluation Engineers test and eva' bystems 
ate electronic analog and transistorized di apport | 
tal computer systems design for aircra§nd Spec 
evaluate new systems and improvements 4N/ASB 
insure compliance with specifications and Ajir Fore. 
Force’ requirements. Other assignments: tfesulting 
in testing of peripheral equipment, liais§etermin 
with design, development and field engined curacy 
ing. Do you belong on this team? fun. Do 1 
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Eli Wood (left): B.S.E.E. 1950, Connecticthyentin } 
IBM Customer Engineer, July, 1950; Sefuse. Join 
tember, 1952, transferred to ACL Field EX 
gineering. February, 1954, in charge of Fiell) Associ 
Engineering at Hunter AFB; May, 1955, As%$ngineer 
ciate Engineer; appointed Project Enginedijon and 
Manager of Systems Evaluation in Auguineering 
1956; here investigating a problem in rad@hown hx 
data presentation set evaluation testing. 


The brief records of the men cited 
above indicate only a few of the excit- 
ing activities right now in IBM Military 
Products. This division, organized 18 
months ago, has grown enormously. A 
small-company atmosphere prevails. 
Men work in small teams. . . individual 
contributions are instantly recognized. 
Promotions occur frequently. 

As a member of IBM Military Prod- 
ucts, you'll enjoy physical surroundings 
and equipment second to none. Educa- 


DATA PROCESSING 
ELECTRIC TYPEWRITERS 
TIME EQUIPMENT 
MILITARY PRODUCTS 





tional programs at IBM expense lead to 
advanced degrees. Salaries and bene- 
fits are excellent. Stability is guaranteed 
by IBM’s history of consistent achieve- 
ment—underlined by the fact that the 
rate of turnover at IBM is only one- 
sixth the national average. 

Throughout the length and breadth 
of the United States IBM has built 
modern plants and laboratories. This 
map points out the various locations 
where you might live as an IBM em- 
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nd evaBystems Engineers oversee the engineering 
ized dig pport provided by the Systems Coordination 
aircra&nd Specification Group to the factory on the 
ments AN/ASB-4 Bombing-Navigational System. 
s and Ahir Force requirements are analyzed and the 
ents: tfesulting engineering changes evaluated to 
t, oe effect on system performance and 
engine }ecuracy. Mathematical error analyses are 
fun. Do you belong on this team? 
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inecticliByentin Marble (left): B.S.M.E. 1951, Syra- 
50; Sefuse. Joined IBM in 1951; promoted to De- 
Field Eign Engineer in 1952; May, 1955, promoted 
> of Fiell) Associate Engineer, and then to Project 
155, As#ngineer, Manager of the Systems Coordina- 
i on and Specification Group, Production En- 
ineering Department, in February, 1956; 
own here describing a unique cooling de- 
ign to a new employee in his group. 


oyee. IBM Military Products include 
e Airborne Computer Laboratories 
cated in Owego, N. Y., and the Proj- 
t SAGE installations directed from 
ingston, New York. 

Here is a real ground-floor opportu- 
ty that you can’t afford to overlook. 
/ithout exaggeration, your potential in 
is dynamic young field of electronic 
mputers is virtually unlimited. Get 
| the facts. Write, outlining your 
ackground and interests to: 


. A. Whitehorne 


anager of Engineering Recruitment, Dept. 9102 


ternational Business Machines Corp. 
b0 Madison Ave., New York 22, N. Y. 
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Systems Analysts anticipate performance and 
recommend design criteria before and during 
development of equipment. Later, they com- 
pare dynamic performance accuracy and re- 
liability characteristics with what has been 
anticipated. Other assignments include Digi- 
tal Computer Systems Engineering, Input- 
Output and Analog-Digital Conversion Engi- 
neering. Do you belong on this team? 





Monroe Dickinson (left): B.S.E.E. 1952, 
W.P.I.; M.S.E.E. 1954, M.I.T. Technical En- 
gineer in analog and alternate computer tech- 
niques for weapons systems, 1952; Associate 
Engineer responsible for systems design and 
analysis, 1954; December, 1955, Staff Engi- 
neer, responsible for research planning; here 
reviewing set-up on laboratory analog com- 
puter of a sampled data control problem. 



















18M Military Products? 


Exceptional career opportunities are 
now open in IBM Military Products 
for E.E.’s, M.E.’s, physicists, and 
mathematicians, in the following fields: 
SYSTEMS PLANNING AND ANALYSIS 
DIGITAL AND ANALOG SYSTEMS 
INERTIAL GUIDANCE 
SERVO-MECHANISMS 

ELECTRONICS 

MECHANICAL DESIGN 

ELECTRONIC PACKAGING 
PROGRAMMING 

FIELD ENGINEERING 

RELIABILITY 

COMPONENTS 

PHYSICS 

MATHEMATICS 

HUMAN ENGINEERING 
INSTALLATION 

CIRCUIT DEVELOPMENT 

POWER SUPPLIES 

TRANSISTORS 


HEAT TRANSFER 

OPTICS 

TEST EQUIPMENT 

COST ESTIMATING 
TECHNICAL PUBLICATIONS 


POUGHKEEPSIE, NY. 
OWEGO.N.Y. 
ENDICOTT, N.Y 





Automatic Conveyor System 


LOS ANGELES, CALIF.—A magnetic tape-con- 
trolled conveyor system called ASSET—Automatic 
Selected Station Electronic Timer—developed by 
the A. J. Bayer Co., Los Angeles, is claimed to have 
saved the Air Force $100,000 per year per supply 
depot. (Seven units are in operation so far.) 

Used on transportation-discharge conveyors, 
where packages are shunted off to a series of branch 
conveyors, it affords the single operator (at the 
loading end) the possibility to select the discharge 





point for the different parcels: He simply pushes 


a selector button on the control panel and presto 
... the package will turn off the main conveyor to 
slide down the appropriate branch. How it is done? 
By a photocell, 35-mm magnetic film (the “mem- 
ory”), a recording head, a playback head, relays 
and air-powered pushers. The system even handles 
more than one conveyor: Recording heads arranged 
in banks of five record a multitude of channels on 
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the tape. Signal lights, a “cancellation” switch, a 
“repeat” switch, etc. mounted on the control panel 
make it possible to cut in on the automatic control 
after pressing the selector button. 

The longest conveyor system operated by ASSET 
to date is a 750-ft endless-belt type. 
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| : ) Joy Electrical Connectors 
. and 


Automatic Controls 


What happens te Aulomation... 
when electrical conmecionrs fail? 


No automatic control system yet devised will keep 
machines running when an electrical plug or receptacle 
in their power feeder line or power control circuit 
poops out. That’s why JOY’s one-piece molded Neoprene 
connectors deserve your careful consideration. Factory 
wired and permanently molded to cord or cable, they 
provide many extra advantages that add up to a long life 
of dependable service under the most adverse operating 
conditions. (A few are listed below.) Available in a 
wide variety of designs with 1 through 16 contacts for 
150 to 600 volt applications. Joy Manufacturing Company, 
Electrical Products Div., 1201 Macklind Ave., St. Louis 10, Mo. Ex- 
ecutive Offices, Henry W. Oliver Bldg., Pitts. 22, Pa. 


Oil-Sealed ... 

One-piece molded cable con- 
nector assembly protects conduc- 
tors from oil and other external 
impurities. Face rings protect 
contacts from similar contamina- 
tion, when connectors are en- 
gaged. 
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Distortion-Proof ... 
Factory molded as trim one-piece 





synthetic rubber jacketed units, 
JOY connectors cannot crack, will 
not shatter and are practically 
impossible to knock out of shape. 








Moisture-Tight 

JOY electrical connectors are 
absolutely moisture-tight from 
wiring juncture to face ... and 
when connected even their con- 
tacts are protectively encased in 
a resilient housing. 














SOURCE OF INDUSTRY'S 
FAVORITE ELECTRICAL 
CONNECTORS SINCE '28 


For more information circle 9 on inquiry card. 
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Jitter Analysis 
NEW YORK, N. Y. 


pensation console built for vibration research and 


A complex-motion com- 


development in guided missiles and supersonic air- 


craft culminates three years of development at MB 


” 


: fi 
e od 


Mfg. Co., and provides a vital engineering advance 





in simulating airborne vibration environments and 
predicting component reliability. Instrument panels 
on the Model T67 include an electronic amplifier, 
a high-frequency electrodynamic exciter and a con- 


trol console. 


News Bits 


®& Army, Navy and Air Force have been assigned 
separate responsibilities for electronics production- 
preparedness measures for components, subassem- 
blies and production materials. The authorizing 
Defense Dept. directive (4240.1) does not limit or 
restrict the procurement of these items by any of 
the services for current or future needs. 

Assignment of responsibility under the terms of 
the order gives the Army monitoring of prepared- 
ness measures for coils, quartz crystal oscillator 
plates, dry batteries, resistors, accurate film types. 
fixed and variable wire wound (including power, 
low-power, precision and cast) resistors, sockets, 
connectors, plugs, telephone keys, telegraph keys, 
loudspeakers, headphones and microphones, transis- 
tors and crystal diodes, tubes and hydrogen thy- 
ratrons. 

The Navy gets responsibility for capacitors, dry 
rectifiers. vibrators, fixed and variable composition 
(including high power) resistors, military and 
commercial synchros, transformers, all power, 
transmitting, microwave and miscellaneous tubes 
(other than those named below). 

The Air Force gets responsibility for relays, 
switches, thermistors, klystrons, magnetrons, TV. 
ATR and related types, traveling-wave tubes and 
related types, and high-temperature wire. 

The directive is designed to (1) establish and 
maintain an adequate production base to meet De- 
fense needs, (2) promote greater efficiency, shorter 
leadtime, flexibility of capacity, economy of op- 


eration and conservation of materials, (3) mini- 
mize the vulnerability of essential production ca- 
pacity’ and (4) promote inventory measures to en- 
sure timely availability of component parts, sub- 
assemblies and production materials. 

& Flight control system for Lockheed’s X-7 mis- 
sile, a supersonic ramjet-powered test vehicle, has 
been supplied by Lear since inception of the proj- 
ect in 1949. After launching from a B-29 the X-7 
accelerates to ramjet speed by rocket, performs its 
prescribed test mission and then is decelerated and 
recovered by parachutes. Missile’s flight control 
system has to withstand severe shocks of repeated 


recoveries without damage. 





X-7 Missile Bell shock tester 
& Bell Telephone Laboratories, participating in 
the Air Force ballistic missiles program, is sub- 
jecting electronics components to severe shock, vi- 
bration and extreme-temperature tests and working 
on guidance systems for long and_ intermediate 
range weapons. The Air Force program consists 
of two intercontinental missiles, Atlas and Titan, 
as well as an intermediate range missile called Thor. 
& Complete sets of Air Force-Navy Aeronautical 
Standards, Air Force-Navy Aeronautical Design 
Standards, U. S. Air Force Standards, and Mili- 
tary Standards, as listed in current indexes of the 
Air Force and Bureau of Aeronautics of the Navy, 
are available, bound, in six three-ring binders. In 
addition, other Military Standards not currently 
listed but used by the Air Force or the Bureau of 
Aeronautics have been included. The cost is $220; 
includes a one-year mailing service for all new and 
revised AN, 6-digit AN, AND, USAF, and MS 
Standards as issued. Supplier requests payment 
with order.—National Standards Association, 616 
Washington Loan & Trust Building, Washington 
4, D. C. 

& Motorola recently demonstrated microwave 
equipment for relaying radar information whereby 
search radar and other radar data can be relayed 
to a control point for analysis or traffic control. 
PPI radar indicators received input from a two-hop 
microwave system some 24 miles in length. One 
system will be installed by CAA to collect air traffic 
information at Indianapolis from a radar network 
in the northern half of the Indianapolis Air Route 
Traffic Control Center area, a zone about 400 miles 
long and 140 miles wide. It will tie in with an 
existing microwave network originating at the U. S. 
Air Force Base in Jamestown, Ohio, and be used 
to evaluate improvements in air traffic control. 
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Military electronic expenditures for 1957 are expected to reach 
$3.8 billion: Air Force—$2 billion, Navy—$1l1.3 billion and Army 
—0O.5 billion. 








Marine Landing Vessels equipped for remote radio control by 
Lear, Inc. are used to test landing conditions in heavy 
surf. It has been found that all of the usual driver controls 
can be remotely manipulated from a hovering helicopter better 
and faster than is possible by the conventional coxswain-en- 
gineer control—and without endangering sailors lives. 











The most powerful shipborne radar set ever put in service has 
been installed on the USS Northampton Task Force Command Crusier. 
This new eye of the fleet, with 400-mile vision, is powered by a 
10-million watt peak-power magnetron. The permanent magnet for 
this oscillator weighs 300 pounds, 








Transistor production in 1957 is expected to reach 20-mil- 
lion units from ll-million in 1956. Conversely, price reduc- 
tions of from 10% to 50% are being made by one manufacturer 
(Texas Instruments) in various types in January 1957. The 
old story of increased quantity and quality going hand-in- 
hand with lower unit costs. 














Closed-circuit television circuits available for military use 
provide improved vigilance in maximum security areas, in close 
observation of dangerous operations, in observation of remotely- 
controlled operations, and in permitting many observers to view 
operations accessible only to a few. 























Naval Research Laboratory scientists in operation DEEPFREEZE 
recently designed a 1200-ft-high radio antenna, using a 
Jalbert JX-9 Zeppelin-type balloon as a "skyhook." While in- 
stalled aboard the USS GLACIER, it maintained reliable com- 
munication with "fly-in" planes all the way from their New 
Zealand base to the Antarctic. This was the only method of 
homing available to these planes. 





The U. S. Naval Training Division Center has used a television 
camera to photograph colored motion pictures of the human eye. 
This project was carried out in cooperation with the National In- 
stitute of Health to demonstrate the adaptability of closed-cir- 
cuit television to educational uses. 

















The ambient temperature operating ceiling for transistors is 
being raised by the employment of silicon instead of germa- 
nium, according to G. E. engineers. 








Titanium has been found by G. E. scientists to possess superior 





"settering" properties in the absorption of residual gas during 
manufacture of vacuum tubes. 

















Letters to the Editor 


Dear Commander Morrison: 

| have just received a letter from your company ad- 
vising me that you have taken over the assignment of 
Editor of MILITARY AUTOMATION. 

As a new man in industrial electronics, | am very 
much interested in this field. | have just been given the 
assignment of Manager of Market Research for our com- 
pany and am a comparative newcomer to automation 
and industrial electronics. Any information of a general 
nature that would assist me in orientating myself to this 
field would be most appreciated. Sincerely, E. A. M. 


Orientation in any field which is developing as rapid- 
ly in its many aspects as military and industrial electronics 
and automation is a formidable problem, either to a new- 
comer or to an old-timer who has, in the past, been 
occupied chiefly in some limited area of the field. To a 
certain degree, your problem is one that may be faced 
by many military officers whenever they receive a new 
assignment which deals with electronic equipment main- 
tenance, design, procurement, or one of the many new 
applications of automation to data processing or infor- 
mation retrieval. One difficulty is that most information 
that has been published has pertained to individual trees, 
whereas you are primarily interested in the extent and 
composition of the forest. 

This thought has guided our planning for MILITARY 
AUTOMATION. Accordingly, we believe you will find 
some immediate help in this issue, with much more to 
come. In addition to the basic technique articles begun in 
this issue, we are planning a series of surveys, which will 
cover the entire Field of military electronics, controls, 
and automation. Organizational differences between the 
different Armed Services make this picture confusing, 
although from the viewpoint of the manufacturer, the 
new Federal Stock Catalog—with its requirement "that 
only one name, stock number, and specification shall be 
used to describe any one component bought and stocked 
by the government''—is a giant step toward simplifica- 
tion. Prior to this, a single small blower-motor might have 
been given a different number by the Army, Navy, and 
Air Force, and the Government Services Agency would 
probably have tagged it with a fourth! The Federal Stock 
System will be explained in a forthcoming MILITARY 
AUTOMATION article. 

Besides direct contact with government purchasing 
agencies, you will be interested in identifying the many 
prime contractors who might sub-contract for your serv- 
ices and products, and in suppliers of components which 
your company might utilize. In this respect, we believe 
that you will find that the subcontractor who supplies 
components for military equipment will meet with less 
competition than if he were bidding on components for 
commercial equipment. This is because MIL specifications 
require a certain custom-tailoring to meet rte specifi- 
cations which cannot be satisfied by mass-produced com- 
mercial components. Because we recognize that changes 
in MIL Specifications are of interest to many of our 

readers, we plan to run selected notices from the ASESA*, 
beginning with our second issue. 

We appreciate your inquiry, and hope our articles will 
bring you the information you are seeking. Our sister 
publication, INSTRUMENTS AND AUTOMATION, and 
particularly the 1957 Handbook and Buyer's Guide 
should be of assistance in industrial marketing problems 
outside the military field. 


*Armed Services Electro-Standards Agency, 
Fort Monmouth, New Jersey 



















SAMUEL E. DORSEY 


U. S. Naval Ordnance Test Station, China Lake, California 














Basic techniques for aerodynamic and ballistic studies are (1) 
wind tunnel, (2) aeroballistics laboratory, and (3) open range. 
The wind tunnel has minimum cost and provides rapid analyses 
of static parameters, but is not as adaptable to study of dynamic 
parameters as is the aeroballistics laboratory, which is inter- 
mediate in cost between the wind tunnel and the open range. 
The NOTS Thompson Aeroballistics Laboratory features bal- 
listic photography, remote centralized control, and complete 
monitoring of 30 stations. Even the monitor system is monitored! 





Fig. |. Missile passing 
Ps light screens, which 
are located at 4' intervals 
along the 500° range build- 


ing. (Official United States 
Navy photograph.) 


NAVY is the world’s largest research and 
U. . 1evelopment sponsor, and the U. S. Naval 

*Ordnance Test Station (NOTS) is the 
Navy’s largest ordnance research and development center. 
NOTS has 1400 military personnel and nearly 5000 civil- 
ian personnel in its laboratories, test ranges and ex- 
perimental production plants for rockets, guided and un- 
guided missiles, torpedoes, fuzes, and other ballistic ord- 
nance equipment. All roc —- presently in use by the 
U. S. Navy and the U. S. Air Force were developed at 
NOTS. 

The largest NOTS facility is that at China Lake, Calif., 
covering more than 1000 square miles of the Mojave 
Desert. About 50 miles away from the main station 
area centered at China Lake is the 750-square-mile 
Mojave “B” Range used for aircraft-rocket and gunnery 
firings; this area also includes the Randsburg Wash 
Projectile Range used for testing weapon fuzes. Other 


NOTS facilities include (1) a Pasadena Annex of NOTS 





The Author 


Samuel E. Dorsey has been with the U. S. 
Naval Ordnance Test Station since +“ 
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Electrical Engineering at Georgia Tech in 
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designing electronic circuits, mostly centrol 
instrumentation. ; 
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Fig. 2. Geometry of triggering system and silhouette 
photography, as related to a pair of cameras. 


(about 150 miles from China Lake) which has a large 
plant, (2) the Morris Dam Test Range near Azusa, 
which is used for torpedo and underwater trajectory 
studies, (3) sea range test facilities at Long Beach and 
San Clemente Island. 

At NOTS, chemists are at work on solid and liquid 
propellants, hydropropellants, high explosives, combus- 
tion phenomena, etc.; physicists are at work on projec- 
tiles, photoconducters, gas dynamics and optics; math- 
ematicians are at work on heat-flow problems, statistical 
analyses, and servomechanisms; ballisticians are at work 
on aerodynamic design, rocket and guided missile ballis- 
tics. 

A NOTS maxim is “One test is worth a thousand 
opinions,” and NOTS has the most completely instru- 
mented test ranges in the country. (Future articles in 
MILITARY AUTOMATION will discuss the instrumenta- 
tion of open ranges and wind tunnels, which are two 
of the three basic techniques used for aerodynamic and 
ballistic studies—the third is the aeroballistics laboratory, 
the subject of this article—Ed. ) 

The control and monitoring instrumentation of the 
NOTS Aeroballistics Laboratory includes electronic in- 
strumentation operating directly to generate the signals 
which trigger precisely-timed light flashes used for ballis- 
tic photography of missile models passing through the 
Laboratory. 

The Laboratory itself is a high-precision, enclosed 
range for the experimental determination of the aero- 
dynamic and ballistic characteristics of rocket and missile 
models (Figs. 1 and 2). Inert models are launched from 
guns ranging in size from 40-mm to 8-inch, and pass in 
free flight through the 500-foot-long range building. The 
models can be photographed at 4-foot intervals during 
their flights with photographic coverage provided by 23 
pairs of precision ballistics cameras arranged so that 
fields of view of adjacent cameras are overlapping. 

This arrangement provides continuous coverage of 
the rocket model during its flight through the Laboratory, 
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every camera photographing the model six times to give 


a total of 138 pairs of images. 

Adjacent to each camera is an electrical-discharge flash 
lamp (Fig. 3), the source of microsecond-duration illum- 
ination of the rocket models in transonic and supersonic 
flight. Flash lamps provide a series of accurately-timed 
light flashes during the interval that the rocket model is 
in the field of view of the two related cameras. Flash 
illumination is intensified by use of a background of 
Scotchlite reflex sheeting. 

The action at each of the Camera Stations spaced 
throughout the five-hundred-foot-long enclosed Range 
Building, is briefly as follows: A Master Timing System 
(supplying all Stations simultaneously with a continuous 
train of accurately-timed pulses) feeds the input to a 
normally-blocked gate circuit in a Gating Unit (Fig. 4). 
A line light source, called the Light Screen, is situated 
on the ceiling of the building over the point of entry to 
the fields of view of the two cameras, its light directed 
to two Photoelectric Units in the floor. When the missile 
model intercepts a small part of the light received by 
either Photoelectric Unit, a signal is generated which ac- 
tivates the Gating Unit, allowing the precisely-timed 
pulses to pass in a “burst” whose length is controlled by 
a preset electronic timer. This burst of pulses is am- 
plified by a Driver Unit to form the inputs to two 
Flash Units whose bias is also supplied by the Driver 
Unit. The source of energy common to all Flash Units 
in the laboratory, from which each draws power to op- 
erate its flash lamp, is a 500-microfarad capacitor bank 
charged to 10,000 volts. The voltage furnished each lamp, 
after the first flash in each burst, rises to almost 20,000 
volts due to resonant charging. One lamp is associated 
with each camera. 

The control and monitoring of the electronic circuits 
are performed in the control room of the laboratory 
(Fig. 5). Almost every electronic and electrical function 
of the Laboratory is subject to remote control; manual 
operation is necessary only to load the cameras and the 
launching gun (Fig. 6). Once these manual operations 
have been completed, the entire sequence is automatic, 
from the opening of the camera shutters and the firing 
of the gun to the closing of the camera shutters after 
the missile model has passed through the Laboratory. 

All remotely controlled action is initiated by the push 
of a button on the Control Console, whose operator not 
only exercises push-button operation of the Laboratory 
but visually monitors both the status and performance of 
the major electronic and electrical circuits in the Lab- 
oratory proper and in the Control Room. 


Power Contol 


Control of the primary power for the Laboratory is 
exercised from the left turret of the Control Console. 
From here, on-off and increase-decrease control of the 
150-volt, 100-ampere d-c power source for the Light 
Screens is exercised, as is on-off control of the 115-volt, 
60-cycle, 3-phase power for the Console, Control Room 
Racks, Range Power, illumination of the Laboratory 





Fig. 3. An electrical discharge flash lamp is adjacent 
to each camera. (Official United States Navy Photo- 


graph.) 
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Fig. 4. Block diagram of flash-station electronic instru- 


mentation. 
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proper, and Air Conditioning. All power switching on 
the Console is done via push buttons accompanied by on- 
off-indicating pilot lamps. Meter readings of the d-c 
voltage and current and of the voltage on each of the 
three phases of the a-c power are continuously available. 

The right turret contains the control and part of the 
monitoring of the 10,000-volt d-c power supply which 
charges the 500-microfarad capacitor bank. 

The monitoring scheme of the high-voltage system is 
completed by a panel in one of the racks in the Control 
Room (Fig. 7). This panel is in plain view of the 
operator and shows graphically, by means of a simple 
circuit diagram with pilot lamps for switch positions, the 
status of the large. manually operated switches on the 
control board of the capacitor bank. 

Added to the high-voltage power supply is a motor 
with gearing assembly for the electrical control of a Tran- 
stat (variable auto-transformer) which adjusts the output 
high voltage. This control may be local or remote from 
the console. Limit switches on the drive shaft of this 
mechanism provide an upper limit of 10,000 volts and 
also require that the Transtat be returned to the off posi- 


tion before the power supply can be turned on, 


Master Monitoring System 
Twelve vertical sets of monitoring pilot lights are 
shown on the center racks of Fig. 5. These are a part of 
a Master Monitoring System. The status of the following 
electronic and electrical circuits for each of the operating 
Stations is monitored with pilot lamp indications: 

(1) Camera Stations ON or OFF. 

(2) Flash Unit Rack Doors OPEN or CLOSED. If 
any one of these doors is open, the operator at the Con- 
trol Console does not turn the high voltage on. 

(3) Light Screen Lamps ON or OFF, An OFF signal 
is given if any one of the eleven lamps in a Light Screen 
is burnt out. 

(4) Flash Unit Rack High-Voltage Disconnect Unit 
OPERATIVE or NON-OPERATIVE. 
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Fig. 5. Control console. 
(Official United States 
Navy Photograph.) 
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Fig. 6. Loading the gun 
(and cameras) is the only 
manual operation re- 


quired. 


(5) Flash Voltage ON or OFF each of the two flash 
capacitors at each Station. 

(6) Flash Unit Thyratron Bias TOO LOW, SAT- 
ISFACTORY, or TOO HIGH. 

(7) Both Camera Shutters CLOSED or one or both 
NOT CLOSED. 

(8) Camera Fiducial Lamps READY for exposure, 
EXPOSED, or FAULT. 


The last four sets of lights monitor the status and 





performance during missile model test (or electronically 
simulated firing) of the following electronic and elec- 
trical circuits: 

(9) Station Gate READY, SATISFACTORY op- 
eration, or FAILED. 

(10) Driver Pulses READY for monitoring, RE- 
CEIVED at the grids of the thyratrons during cycle, 
and NOT RECEIVED. 

(11) Resonant Charge READY for monitoring, SAT- 
ISFACTORY during cycle, or FAILED. 

(12) Camera Shutter Cycle READY, SATISFAC- 
TORY operation. or FAILED (failed to open or failed 
to close). 

Note that there are 30 functions (30 vertical rows 
of lights) for 23 stations plus 1 master monitor station— 
giving a total monitoring array of 720 pilot lamps. But 
it is not necessary for the operating engineer to keep 
his eye on the full array. The top row (master monitors) 
is provided so that if any one of the 12 master monitors 
gives an indication of difficulty, the operating engineer 
need only scan a particular column of pilot lamps. The 
monitoring has been carried even one step further: a 
monitor of the master function monitor appears on the 
Control Console. and under conditions of satisfactory 
status and performance the engineer need not even glance 
at the monitoring racks. 

There are several reasons for this elaborate monitoring 
system. First. the cost of a single test on a rocket model 
in the Laboratory is sufficient to warrant providing some 
means for obtaining a reasonable assurance that the 




























complex electronic and electrical instrument system is 
functioning properly. Second, when trouble does occur, 
it can be readily localized anywhere within the 500-foot- 
long building, thus aiding in reducing delay due to fail- 
ures. Third, the Monitoring System provides a measure 
of safety to both personnel and instruments. This Mon- 
itoring System warrants detailed consideration. 


Simple Switch Monitoring 

Part of the monitoring of each Station involves the 
indication of whether certain switches are open or closed. 
In the Station ON or OFF (the first two rows of lights) 
the switch is formed by one pair of contacts of the relay 
which controls the operation of that Station. The same 
is true of the high voltage disconnect and camera fiducial 
lamps. The monitoring of the Flash Units rack doors and 
the camera shutters consists simply of limit switches. 


Camera Shutter Control and Monitoring 

Details of the camera shutters control and monitoring 
for a single station are shown in Fig. 8. Normally, the 
shutters of both cameras should be closed. closing 
switches SIL and SIR as shown, These switches are 
connected in series to the shutter pre-cycle relay in the 
Control Room. As the circuit is made through this relay 
to power voltage, the relay is energized and its armature 
actuated as shown. The condition of SHUTTER CLOSED 
is indicated by the lighting of the green lamp. If either 
switch, SIL or SIR. were not closed, the red lamp would 
indicate SHUTTER NOT CLOSED. 

When both shutters are open, the switches S2L and 
S2R are closed and complete the power circuit to the 
shutter cycle relay, causing it to actuate. An “end-of-run” 
relay furnishes power before the run to the green 
SHUTTER READY lamp if the shutter cycle relay is 


not energized. After the run, it furnishes power to the 
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Fig. 7. High Voltage Monitor Panel dome switch posi- 
tions in the high-voltage capacitor-charging system. Note 
graphic display. (Official United States Navy Photograph.) 


white SHUTTER CYCLE O. K. lamp if the shutter cycle 
relay is energized. Should the shutter cycle relay be 
energized before the run, or not energized afterwards, 
the red lamp indicates CYCLE FAULTY. 

The shutter opening and shutter closing switches (part 
of the Sequence Cam Unit to be described later) operate 
all cameras in parallel. In each camera there are two 
cams on the shutter motor shaft. The cam to the left 
(left camera, Fig. 8) holds the shutter closed for the 
normal condition. In this position the smaller cam holds 
switch S3L compressed, connecting the shutter motor to 
the shutter-opening switch on the Sequence Cam Unit 
for power, and disconnecting it from the shutter-closing 
switch. Momentary closure of the shutter-opening switch 
applies power to the shutter motor, driving the shaft until 
the small cam pulls away from switch S3L. This action 
disconnects the shutter motor from the shutter-opening 
switch and connects it to the shutter-closing switch. The 
motor stops with the shutter open. The shutters of all 
cameras remain-open during the flight of the missile 
model. At the end of the run, the shutter-closing switch 
actuates, again applying power to the shutter motor until 
it has time to rotate the small cam to the position shown 
in Fig. 8, wherein operation of switch S3L opens the cir- 
cuit and the shutter is closed once more. 


Light Screen Monitoring 


The Light Screen in each Station contains six 60-watt 





lamps and five 25-watt lamps. Should one or more of 
the eleven lamps fail to light, the decrease in current 
(about one-fifth of an ampere) supplied to the sampling 
resistor would introduce a differential of half a volt into 
the signal input grid of the monitoring amplifier, which 


j actuates the Light Screen monitoring relay. 


A short swing of a potentiometer carries the pilot 
lamps through the red-green-red cycle for balancing the 
circuit. 








Gate Monitoring 


The gate monitoring circuit for a single Station is 
-hown in Fig. 9, This circuit provides pilot lamp in- 
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A major step forward has been achieved 
by uniting Fairchild precision 
potentiometers with dynamically 

M .. eh, balanced and sensitive pressure-sensing 
elements. The result is a line of superior 
pressure transducers with potentiometer 
outputs and featuring all the 
characteristics of precision, reliability 
and quality that are identified with 
Fairchild potentiometers. A specially 
trained staff of engineers is at your 
service to consider problems of 
transducer design and manufacture to 
meet your specific requirements. 






MINIATURE 
PRESSURE TRANSD 


Featuring Fairchild 
accuracy and reliability 


The TP-200 illustrated is a new and smaller addition to the line 

of Fairchild Transducers. These components are now available in a 

wider range of resistances in either linear or functional, 

single or dual potentiometer output elements. Measuring only J 
approximately 2” by 2”, the TP-200 features a single pressure 

sensitive diaphragm element which actuates one or two precision 

potentiometers through dynamically-balanced, stable mechanical linkage. 

It features unitized construction for easy assembly, field calibration and 

repair. Variations of size, conformation, and pressure ranges for 

measurement of differential, absolute, or gauge pressures are available. 


For complete information write Fairchild Controls Corp., 


o/ 


Components Division, Dept. 140-77B. 


EAST COAST 
225 Park Avenue 
Hicksville, L. 1., M. Y. 


WEST COAST 
6111 E. Washington Blvd. 
Los Angeles, Calif. 
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dication of the condition of the gate or “start” thyratron channel of the two-channel L-R Monitoring Unit. The 


in the Gating Unit. When the thyratron is fired, it re- 
mains conducting, the voltage at its plate drops, and 
the plate current of the triode is cut off. The gate con- 
dition relay then lights the red pilot lamp. At the end 
of the sequence, the “end-of-run” relay actuates, lighting 
the white pilot lamp. 

When the RESET switch is actuated, the supply of 
positive voltage is removed from the plate circuit of 
the start thyratron. On release of this switch, the thyra- 
tron should remain non-conducting, in which case the 
voltage at its plate climbs to nearly that of the supply. 
Now the voltage at the grid of the monitoring triode goes 
positive (limited by the flow of grid current in the 
triode), causing it to actuate the Gate Condition Relay. 
Normally, the End-of-Run Relay is released at the same 
time that resetting takes place. Thus, the green lamp 
lights. If the start thyratron is non-conducting after a 
sequence is run, before reset, the end-of-run relay 
(through the energized gate condition relay) lights the 
red lamp, indicating FAULT. 


Monitoring the Flash Units 


The remaining four monitoring schemes involve check- 
ing of signals within the two Flash Units of the individual 
Stations. Included are the monitoring of high voltage, 
resonant charge, thyratron bias, and driver pulses, the 
circuits for which are shown in Fig. 10, To the upper 
left appears a Flash Unit, two of which are at each Sta- 


tion of the Laboratory. To the lower left is shown one 
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as well as the remaining channel of the 
Unit, connect as shown to the two 
running back to the Control Room. 


other Flash Unit, 
L-R Monitoring 
monitoring lines 


Flash Voltage and Resonant-Charge Monitoring 

The flash voltage and resonant-charge monitoring sys- 
tem (Fig. 10) indicates the presence of d-c high voltage 
on the flash capacitors in both Flash Units and the oc- 
currence of resonant charge. If high voltage is absent 
from one of the flash capacitors, the voltage on the grid 
of V1 goes far enough negative that its plate current can 
no longer hold the High Voltage Monitor relay actuated. 
In this case, the red FLASH VOLTAGE LOW lamp is 
lighted. 

The occurrence of resonant charge produces a surge 
of voltage on the plate monitoring line, the magnitude of 
which is proportional to the number of Flash Units 
charging. The surge is shaped into a pulse by capacitor 
Cl and resistor R2 and injected into the grid of triode 
V2. If either of the two Flash Units should fail to reson- 
ant charge, the pulse on the grid of V2 would not be 
great enough to cause any action in the Resonant Charge 
Monitor Relay. 


Thyratron Bias and Driver Pulses Monitoring 


The problem of monitoring thyratron bias and driver 
pulses is a little more involved. Thyratron bias is moni- 
tored by V3 and V4, whose grid potentials are a func- 
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Fig. 9. Gate-monitor circuit. 


tion of the grid biases of each of the two 5C22 hydrogen 
thyratrons, which signals are additively mixed via mix- 
ing resistors. Resistors R4 and R5 are so adjusted that 
the voltage on the grid of V3 is sufficiently negative that 
its plate just doesn’t conduct enough to hold in the 
Bias Low Monitor Relay, while the grid voltage of V4 is 
but slightly negative so that its plate current just does 
hold in the Bias High Monitor Relay. This condition 
brings about lighting of the green BIAS OK pilot lamp. 
If the negative voltage on the grid monitoring line be- 
comes too low, the bias on the grid of V3 decreases to 
a point where its plate current actuates the Bias Low 
Monitor Relay, causing the green pilot lamp to extinguish 
and the left-hand red BIAS LOW pilot lamp to light. 
If the voltage on the grid monitoring line becomes too 
highly negative, the plate current drops and causes the 
Bias High Monitor Relay to release, in which case the 
right-hand BIAS HIGH pilot lamp lights. 

The action of monitoring of driver pulses from the 
grid monitoring line is identical to that of the resonant 
charge monitoring. The combined signals from the 2 L-R 
Monitoring Units are amplified by V5 and cause latch- 
ing of the Driver Pulse Monitor Relay. If either of the 


two flash units being monitored fail to receive dives 
pulses, the amplified signal through V5 is insufficient to 


actuate the monitoring relay. 


Electronically-Simulated Firing 


To simulate the passage of a model through the Lab- 
oratory, 6-watt lamps placed within the field of view of 
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Fig. 10. Flash-unit monitoring system. 


the phototubes in the Stations are turned off in rapid 
succession down the Laboratory. All the electronic equip- 
ment of all Stations behaves exactly as though a missile 
model had been launched. giving a dynamic check on 
everything but the Light Screens and their monitoring 
circuits. (A check on these-can be performed by slightly 


,raising and lowering the Light Screen voltage.) 


The unit which initiates the successive turn-offs is 
called the Projectile Simulator Unit (Fig. 11). The out- 
put of an audio oscillator, converted to push-pull by a 
transformer, is connected in-phase to the grids of all 
odd-numbered triodes, and out-of-phase to all even-num- 
bered ones. The grids are biased negatively to a value 
slightly greater than the peak voltage of the audio. The 
cathode of each triode is held strongly positive by a 
voltage divider involving the relay of the previous stage 
so that, when all is ready to operate, no triode can con- 
duct. Operation is initiated by closure of the START 
switch, grounding the cathode of the first triode. Near 
the positive peak of the audio voltage on line A, the 
first triode draws enough plate current to actuate its re- 
lay, an action which extinguishes the first lamp, latches 
the first relay in, and grounds the cathode of the second 
triode. Half of the audio period later, when the audio 
voltage on line B is near its positive peak, the second 
triode draws enough plate current to actuate its relay, 
extinguishing the second lamp, latching in the second 
relay, and grounding the cathode of the third triode. 
Thus, on alternate half-cycles of the audio frequency, 
successive triodes conduct momentarily, relays are actu- 
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ated, and lamps are extinguished throughout the twenty- 
three Stations of the Laboratory. 


Control of Missile Launching 

The apparatus directly concerned with the control of 
missile launching is largely situated in the small racks 
under the top turrets in the Control Console. The princi- 
pal function of the fourteen push buttons and the twenty- 
seven pilot lamps on the center panel is that of initiating, 
directing, and monitoring the equipment directly asso- 
ciated with this function. 

A block diagram of the main elements of the control 
system for missile launching is given in Fig. 12. This is 
a greatly simplified version, each block representing a 
number of components and *ach interconnecting line 
representing perhaps several c _uctors. 

The sequence of events taking place during operation 
of the laboratory, whether in simulated firing, actual 
firing, or single flash, is directed by switches controlled 
by a series of electric-motor-driven cams. After the se- 
quence is started, there is no direct manual control. The 
sequence provides: 

a. Sounding the warning device three times 

b. Opening the camera shutters 

c. Initiating whatever function is selected 

d. Closing the camera shutters and actuating the end- 
of-run relay. Operation of the reset switch provides simul- 
taneously: 

a. Rotating of the sequence cam shaft back to the 
“ready” position 

b. Releasing the end-of-run relay 


NEGATIVE 
BIAS 


Fig. 11. Simplified circuit diagram of the projectile simulator. 


c. Resetting the simulator or single flash, as required 
d. Resetting all station gates and all monitoring relays, 
as required 


Master Timing System 

The Master Timing System can be described briefly 
as a 120-ke crystal oscillator followed by a series of 
binary count-down circuits feeding multiple driver ampli- 
fiers. These count-down circuits are manually switched 
into various feedback combinations to afford precise 
timing signals at various audio frequencies. The equip- 
ment presents two measurement problems: 

a. It must be ascertained that the crystal oscillator is 
operating at 120 kilocycles per second to the accuracy 
required, and 

b. The count-down circuits must be functioning proper- 
ly to give the correct frequency division. 

The second problem is solved by feeding one channel 
of the output of the system into one of the commercially 
available frequency counters for direct measurement of 
frequency. The same instrument can be used to solve the 
first problem after a harmonic of the instrument’s own 
standard oscillator is zero-beat against WWV. 


Flash Count System 
For the photographic data to have its fullest utility, 
there must be unquestionable time: correlation between 
any particular image on the photographic plates exposed 
at any particular Station and any other desired image 
on the plates at another Station. For this purpose, the 
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Fig. 12. Control system for missile launching. 


Flash Count System is used. Here, a dual-decade coun- 
ter with gate is supplied for every Station but the first. 
Several spare output lines from the Master Timing Sys- 
tem furnish the first flash in the first station. The pulse 
which produces the first flash in the first station initi- 
ates the opening of all the Flash Count gates. The pulse 
which produces the first flash in each succeeding Station 
closes the Flash Count gate of that Station. Each Counter 
indicates the number of flashes that have occurred be- 
tween the gating of the first Station and its own Station. 
As a safety precaution, provision is made that if the first 
Station fails to open the gates, the second may do so, 
and if the first and second fail, the third may do so. 

Full-scale operation has proven the NOTS Aeroballis- 
tics Laboratory to be a practical facility as concerns its 
instrumentation and has also emphasized the great con- 
venience of remote control and monitoring. 


Results 

The images recorded by the ballistics cameras are sil- 
houettes of the missile produced against the illuminated 
background. Extensive research has shown that the illum- 
ination of the object against a dark background does not 
give satisfactory results. For this reason, the method of 
multiple-image silhouette photography was developed. 

The flash lamps at the cameras produce brilliant illum- 
ination of a background of Scotchlite reflex reflective 
sheeting. Against this, the edges of the missile stand out 
clearly, and the photographic image has sufficient densi- 
ty to permit accurate measurements. 

Two fiducial-mark projectors, each of which projects 
a 0.001-inch “dot” of light upon the photographic plate, 
provide an accurate means of relating the geometry of 
camera and plate. These fiducial marks serve as reference 
points when measurements are made on the developed 
photographic plate. 
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Fig. 13. Preliminary results and initial condition 
determinations are reduced from data on the Good- 
year Aircraft GEDA analog computer. (Official 
United States Navy Photograph.) 

Comparator readings of plates from the ballistics cam- 
eras translate the flight record of a missile into numerical 
values. Measurements are made of the positions of speci- 
fied points on the model with reference to a line joining 
the centers of the fiducial marks. Data of this kind from 
a pair of cameras are sufficient to determine (1) center- 
of-gravity position versus time, and (2) orientation ver- 
sus time. 

Data are then reduced on an electronic analog com- 
puter (Fig. 13), a Goodyear GEDA with 24 amplifiers 
10 diodes, and 3 limiters. This technique provides the ini- 
tial condition determinations necessary to digital com- 
puter reductions. At the same time, preliminary but rea- 
sonably accurate values of the aeroballistic coefficients 
are obtained. 


The ease in programming of the analog computer 
makes possible rapid data reduction when the governing 
equations of motion are other than those for which the 
digital machine is already encoded. Nonlinearities due 
to large angles of attack and transients due to the ac- 
tions of control surfaces can be handled in this way. 

The reduction of aeroballistics data is performed by 
IBM 701 digital computer equipment with 800,000-word 
magnetic tape storage, 8,192-word drum storage, and 
2,048-word electrostatic storage (Fig. 14). Comparator 
plate readings expressing the data from a flight are trans- 
ferred to punch cards, which supply the information to 
the IBM calculator coded to calculate center-of-gravity 
position and missile orientation. 


These data are then further processed to provide the 
aerodynamic derivatives of interest, including a measure 
of the accuracy of the final data. The calculator is en- 
coded for the determination of drag, separating the com- 





Fig. 14. Final reduction of aeroballistics data is 
by IBM 701 digital computer. (Official United 
States Navy Photograph.) 


ponent due to angle of attack, and of those force and 
moment coefficients which determine the yawing, pitch- 
ing, rolling, and swerving motion of fin- and spin-stabi- 
lized missiles. The present encodings are based on linear 
equations of motion. All of the digital computer pro- 
grams are double-precision. 

End products of performance evaluation in the Aero- 
ballistics Laboratory are the coefficients required for the 
design and development of the missile under test. These, 
expressed both in aerodynamic and ballistic nomencla- 
ture, include the following: 





Coefficients Aerodynamic Ballistic 
SI civciitabtantceesebbineksssicnsestbioisn drianmnecnanaiae Cy Kp 
NR soos ees cau ri yeoeteeeescotannsseanees ee Cu Ky 
POE UII sinc csictisccrssasestcisnennabeieinnninninns Cua Ki 
PN NON oa ioc seis csp ccc dpe cocaaac tab cibicanag ve Cy Ky 
Pa 
NRE IIIS c22 0-5 50-58 at cubes cat cab easstnacatsigeaetioes Cn Ke 
Pa 
Yaw damping moment .2.2022o2...---ec.cseseceseeeeeee Cu <M Ky 
Soin deceleration (rolling) moment ................ ou, KA 


(Arrangements for consultations or for the use of range 
facilities for research and developmental testing are ini- 
tiated by communicating with the Commander, Atten- 
tion Code 503, U. S. Naval Ordnance Test Station, 
China Lake, California. A description of the project 
should be given, together with information on security 
classification. priority rating, and other features that 
must be considered when time is being assigned for con: 
sultations or for the use of facilities.—Ed. ) 
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Sage Power 





Air Force technicians visit un-manned "gap-filler" 
radar sites periodically to observe and record oper- 
ating characteristics of automatic power package. 


Photo courtesy Consolidated Diesel Electric Corp. 


OMPLETELY automatic diesel power plant 
C thinks for itself—turns itself on and off, sends 

signals about operating conditions to tech- 
nicians in a control center miles away, and operates 
without manpower in attendance. The plant has 
been developed for use in gap-filler radar stations 
in the SAGE continental radar system. Equipment 
features decision components and built-in memory 
system that records control or mechanical defi- 
ciencies or failures, and indicates to technicians at 
the control point what repairs are necessary and 
what parts need adjustment or replacement. 


Examples of automatic operation of the twin die- 
sel generator sets include: 


1. Upon power failure the unit disconnects the 
load from the commercial power supply before tak- 
ing over. This serves as protection against damag- 
ing equipment or feeding power from the unit into 
commercial power lines. 

2. Both diesel generator sets are started simul- 
taneously. 

3. The first unit to reach full power output sends 
a signal to the secend unit. The second unit then 
turns itself off and returns to standby condition 
ready to take over automatically in case of failure 
of the first unit. 


4. The power plant makes an automatic two-hour 
check of the commercial power-supply voltage after 
this voltage has returned to the correct range. If 
the commercial voltage remains within established 
limits, the unit returns the radar equipment to com- 
mercial power, shuts itself off, and returns to 
standby condition. 

This example of Military Automation frees per- 
sonnel, allows the radar line to be operated with 
a minimum of trained technicians and decreases the 
chance of human error. 
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R AYTHEON’S 


CHALLENGING WORK 


Our success in ebtaining prime, long-range 
contracts fer Aircraft Weapons Systems, 
major Defense Radars, Fire Control Sys- 
tems and many others provides lasting and 
challenging opportunities for good Design 
Engineers who are ready, willing and able 
te werk en seme ef the most advanced 
radar and weapons systems being designed 
today. 
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Wayland and the surrounding territory 
constitute a select residential area where 
an acre-per-house is the rule. History re- 
cords these towns—Lexingten, Concord, 
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nings; just the right amount of modern 
progress blended with this background 
renders them ideal for relaxed and pleas- 
ant New England living. 
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HY do we say that the number 789 follows 

the number 788? This progression is based 

on the fact that we accept the use of ten 
arithmetic marks—0, 1, 2, 3, 4, 5, 6, 7, 8, 9; and 
we increase the rightmost mark by one unit in 
counting. 

Why do we say that 790 follows 789? This 
progression is based on the fact that when we 
have used up all the marks in one column (9 
is the largest single mark), we move one column 
to the left and increase this by one mark while 
returning the rightmost mark (9) back to the 
first mark (0). 

This same technique can be used for counting 
with any other number of marks. For example, 
if the human race had developed with four fingers 
instead of ten, we might be counting with the 


and Binary Equivalents. 


cs | 8° 

Pure 21 — 2 g1 

Decimal Binary o =x 4 82 

0 ..0000 se = 8 83 

000! 24 = 16 84 

2 .0010 23 — 32 g5 

BD cccsccsssn 26 — b4 g6 

4. 0100 - a 

© = 28 8! 

5... 0101 = : 
7... ON11 29 = 512 
8... 1000 210 = 1,024 
eee 1001 211 — 2,048 
10. 1010 212 — 4,096 
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Table 2—Powers of Common Number Systems Table 3—Radix of Common Number Systems 
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marks a, b, c, and d—and the counting progression We simply increase the rightmost mark to 111. 
could be as follows: What number follows 11? Here we shift left 
: : until we can increase a column by a unit, as 
2 c follows: 
3 d ll + 1 = 100. 
: - Here again, dny decimal number has its equiv- 
6 be alent binary number, as shown in Table 1. 


Note that any decimal number would have an 
equivalent number in this 4-mark system. 


Binary Code 
Binary code uses only 2 marks. For convenience 
the marks are called 0 and 1. No other marks 
are used. These marks are called bits, a contraction 
of the words “binary digits.” 


Using the basic rules, what binary number 
follows 110? 


Why Use Binaries? 

The advantage of binary arithmetic is twofold— 
(1) many devices are available which have two 
states and thus can be used to represent the two 
marks of the system, and (2) arithmetic by 
binaries is much simpler than by decimals. Thus, a 
computer using binaries to solve a problem is 
small and simple, whereas a computer using decimal 
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Table 4—Binary-Coded 
Decimal Readout 


| 10° = | System Marks Commonly Used Radix 
' ee od Decimal 0, 1, 2, 3, 4, 5, 6 7, 8, 9 10 o=0 
64 10° a 100 Binary 0, | 2 i=! 
512 108 = 1,000 Trinary 0, 1, 2 3 2=2 
4,09% 10! = 10,000 Octal 0, 1, 2,3, 4,5, 6,7 2 sar +t 
32,768 10° — 100,000 Goo 
262,144 106 = 1,000,000 nats 
6=442 
2,097,152 7=44+2+1 
16,777,216 8—8 
9=—-8s8 +1 
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technique for the same problem would be much 


more complicated. 


Binary is perhaps the easiest set of numbers 
with which to perform arithmetic. For example, 
addition is performed by only two simple rules: 


Rule |: 0 plus | is | 


Rule 2: | plus | is 0 and carry | to the next column 
left. 


Let us use these rules to add the numbers 10 
(equivalent to decimal 2) and 11 (equivalent to 
decimal 3). 


10 
ll 
l 
0 carry 1 left 
1___ the carried number 
101 (equivalent to decimal number 5) 


When performing arithmetic by decimals, it 
is necessary to remember (or build a computer 
element that remembers) many rules: 2 and 3 are 
5, 2 and 4 are 6, etc., etc. Contrast this with the 
two simple rules of binary arithmetic. The com- 
plete simplicity of performing arithmetic with 
binaries is the reason why it is being expanded 
into so many automatic measurement and control 
situations. 


Multiplication 
Multiplication is but a simple extension of ad- 
dition, and again only 2 rules are required for 
binary multiplication: 


Rule |: | x 0 is 0 
Rule 2: | x I is | 


Using these two rules, let us multiply the two 
numbers 10 (or 2) and 11 (or 3). 
10 
ll 
10 
10 
110 — (Equivalent to decimal 6) 


Here again, note the complete simplicity, and the 
lack of necessity for remembering that 2 times 3 
is 6, or 2 times 4 is 8, etc., etc. It is necessary 
to remember only that 1 x 0 is 0 and that 1 x 1 is 1. 


Converting Binaries to Decimal 


Even though binary arithmetic is much simpler 
then decimal arithmetic, our thought processes are, 
by habit, decimal in nature—and thus we must be 
able to convert the binary number to a decimal 
number. The conventional manner in which this is 
done is by using the concept of “powers.” In 
decimals, each column place is a power of ten—that 
is, the number 49 means 40. + 9, which means 
4(10)? + 9(10)° = 49, 

Similarly, the decimal number 3742 means 

3000 + 700 + 40 + 2 
= 3(10)* + 7(10)? + 4(10)! + 2(10)° 
= 3742 








Table 5—Binary-Coded Decimal Notation 

















Binary-coded 
Decimal Decimal 
0 0000 
! 0001 
2 0010 
3 0011 
a 0100 
5 O10! 
6 O10 
7 Olll 
8 1000 
9 1001 
10 000! 0000 
i 000! 000! 
12 000! 0010 
13 000! O01! 
14 000! 0100 
15 000! O10! 
16 000! O110 
17 000! O11! 
18 000! 1000 
19 000! 100! 
20 0010 0000 








Table 6—Sexadecimal Notation 














Decimal Binary Sexadecimal 
0 0 0 
| I ! 
2 10 2 
3 a 3 
4 100 4 
5 101 5 
6 110 6 
7 Ht 7 
8 1000 8 
9 1001 9 
10 1010 u 
11 1oll v 
12 1100 w 
13 1101 x 
14 1110 y 
15 Hil z 
16 10000 10 
17 10001 | 
18 10010 12 
19 10011 13 
20 10100 | 14 














Thus, each column represents an implied power 
of 10. 

Similarly, in the binary system, each column 
represents an implied power of 2. Thus, the number 
1110011 means 

1(2)® + 1(2)° + 1(2)4 + 0(2)% + 
0(2)* + 1(2)1 + 1(2)° 
= 64+ 32+ 164+0+4+042+41 
zs 225. 


Note that each column in a binary system rep- 
resents a power of 2, just as each column in the 
decimal system represents a power of 10. 

Systems other than 2 and 10 are in use for 
special purposes. As all numbers up to 8 can be 
represented by three binary marks, 


0 0 
| I 
2 10 
3 I 
4 100 
5 101 
6 110 
7 il 


a 3-mark system is used often where only 8 vari- 
ables enter a problem. When counting in an octal 
system, the largest numeral is 7, and the next num- 
ber (corresponding to decimal 8) is 10. Note here 
that each “place” in the octal system represents a 
power of 8. To facilitate conversion of binaries to 
decimal, a table of powers of common number 
systems is given in Table 2. The base of each system 
is called a radix, and the radix of common number 
systems is given in Table 3. 


The Double-Dabble System 
A techique for binary-to-decimal conversion that 
is more rapid than conventional addition of each 
power of 2 has been developed by Edward Varnum 


(Barber-Colman Company) and Robert Brooks 
(Computer Control Company). This system, called 
the double-dabble system, starts with the leftmost 
bit and proceeds as follows: 

If the next bit is 0, double what you have. 

If the next bit is 1, double what you have and 
add 1, which is called dabbling. 

Let us convert the binary 1101 by double-dabble: 

Starting at the left, first dabble 1 to get 3 because 
the next bit is 1; then double 3 to get 6; then 
dabble 6 to get 13. (As 1101 is 8 plus 4 plus 1, 
it is indeed 13.) 

Conversely, to convert a decimal to a binary, 
the following technique is used: 

First, divide the number by 2 and write down 
the remainder (which must be either 0 or 1). 

Second, divide the new number by 2 and write 
down the remainder. All the remainders describe 
the binary equivalent. For example: let us con- 
vert the decimal 27: 


27/2 = 13 remainder 1, write 1 

13/2 = 6 remainder 1, giving 11 

6/2 = 3 remainder 0, giving 110 

3/2 = 1 remainder 1, giving 1101 

1/2 = O remainder 1, giving 11011 
Thus 27 = 11011 


Binary-Coded Decimal 
The binary-coded decimal system uses binary de- 
vices to indicate the decimal number directly. This 
is done simply by letting each digit in the decimal 
number be represented by a 4-bit binary number, 
as follows: 
10==000! 0000 


22=0010 0010 
863=1000 O110 OOl! 











Fig. |. The binary number 863 can be expressed 
in binary-coded decimal as 1000 0110 0011, and 
can be indicated by lights as shown here. 


Note that four bits are needed to express any 
single decimal digit because the largest decimal 
number (9) is 1001 in binary. Hence, four bits are 
needed in binary-coded decimal, and the number 
is a set of 4-bit binaries, as shown in Table 5. 

Binary-coded decimal is used often as the input 
or output of a computer that works with binary 
numbers internally, but which uses decimal input 
and output for convenience. 

A common readout device uses rows of 4 lights 
to indicate decimal numbers in binary-coded- 
decimal manner. The number 863 is so shown in 
Fig. 1. 


Sexadecimal Notation 

Many equipments use 4-bit circuitry because they 
use binary-coded decimal notation on either the in- 
put or the output. However, 4 bits can express any 
decimal number up to 15 (1111). Thus the same 
circuitry can be used to express any of the 16 
numbers between 0 and 15, and this sexadecimal 
notation is shown in Table 6. 








Table 7—Cyclic Notation 


Pure 


Decimal Binary Cyclic 
0 0000 0000 
| 0001 000! 
2 0010 001! 
3 001! 0010 
4 0100 0110 
5 010! oll! 
6 0110 010! 
7 Olli 0100 
8 1000 1100 
9 1001 1101 
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Table 8—Commen Coded Notations 













































































Decimal anal Cyelic a ae Sexadecimal 1, 2,4, 7 Excess 3 
0 0000 | 0000 0000 0 0000 0O1l ge 

| 000! 000! 000! i 000! 0100 

2 0010 0011 0010 2 0010 010! 
y 0011 0010 0011 3 0011 0110 | 
4 0100 0110 0100 4 0100 oll | 
5 010! OW! 0101 5 0101 1000 | 
6 0110 010! O110 6 0110 1001 
7 oll 0100 OV 7 1000 1010 
8 1000 | 1100 1000 8 1001 loll 
9 100! 1101 1001 4 1010 1100 <— 
10 1010 Wit 000! 0000 u 1100 1101 
T 101 1110 | 0001 000! v 10001 1110 | 
12 1100 1010 | 000! 0010 w 10010 Hit 
13 1101 1011 000! 0011 x 10100 10000 | 
14 1110 1001 000! 0100 y 11000 1000! 
15 vii 1000 | 000! O10! z 100000 10010 | 

16 10000 | 11000 | 000! O110 10 10000! 10011 
17 10001 11001 000! O11! T 100010 =| ~Ss«10100 
\ 








Cyclic Coding 


Another widely used coding technique is based 
on the fact that errors are reduced if only one 
bit at a time changes as we progress from one 
number to the next. For example, in ordinary 
binary code the number following 0111 is 1000— 
Note that four bits had to change, and hence an 
error in operation could mean that the answer 
might be any number between 0000 or 1111, which 
is 16 different numbers. This dangerous situation 
is made impossible by using a code in which only 
one bit changes at a time, as shown in Table 7. 

Cyclic, or Gray, coding can be obtained from 
straight binary, or vice versa, by a simple tech- 
nique: To progress from the number in binary to 
its cyclic equivalent, we add the binary number 
to itself without carrying; before adding, the 
number is indexed one place to the right, Thus, if 
we go from binary 111 (which is decimal 7) to 
the cyclic number code for 7 we perform the follow- 
ing addition: 


111 
11 (1) 
100 (Do not carry) 


Excess 3 Code 


This notation, shown in Table 8, is used to 
simplify the subtraction process. It is the same as 
pure binary except that each number is the binary 
number plus three (011). In Excess 3 binary, the 





0 and 9 are identical opposites—that is, the 0 re- 
places the 1, and the 1 replaces each 0. Similarly 
for the numbers 3 and 6, 2 and 7, 4 and 5. In 
other words, 9 minus any number is the same 
as the number except for the interchanging of 0’s 
and 1’s. This facilitates complementing and sub- 
straction in computing. 


1, 2, 4, 7 System 

The 1, 2, 4, 7 system (or 7 4 2 1 system) has 
the advantage that only two 1’s are used to express 
any number. Note that after number 6 is reached, 
another column is used to attain number 7, rather 
than using three 1’s. Hence the code is called 1, 2, 
4, 7 to distinguish it from the conventional binary 
code, which is a 1, 2, 4, and 8 code. 


Floating Decimal Point 

Floating decimal point is a short cut that can be 
used for either longhand or computer arithmetic. 
This expresses the number with significant figures 
times a multiplier expressed exponentially. For ex- 
ample, to multiply 1200 x 1200, we can multiply 
(1.2) (108) x (1.2) (10%), and obtain 1.44(10°), 
which is 1,440,000. This “floating decimal point” 
technique involves multiplying all numbers other 
than 10 and adding the exponents of 10. It saves the 
adding up of a lot of columns, as in conventional 
multiplication. 


In our next installment we meet a few simple-mind- 
ed “electrobots” who can perform simple digital 
computation—( Ed.) 
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Supersonic Tunnel Has 
Automatic Data Readout 


NALOG-TO-DIGITAL conversion techniques are 
A ectin a real workout in new transonic and super- 
sonic wind tunnels of United Aircraft Corp. at com- 
pany s East Hartford testing laboratories. These new 
tunnels, designed to simulate flight conditions at Mach 
0.5 to 1.5 and Mach 1.5 to 5.0 respectively, are expected 
to speed up research in design of aircraft components by 
using new high-speed data gathering equipment (Fig. 1). 
The tunnels are of the “blowdown type”; instead of a 
compressor operating continuously at high speeds, a much 
smaller compressor builds up a storage supply of com- 
pressed air released through an automatically controlled 
valve to provide a regulated high-speed air flow lasting 
10 to 60 seconds. 





Fig. |. Array of recording potentiometers provides con- 
tinuous record of forces on model in supersonic wind tun- 
nel. Summary card punch at center réceives test data 
after conversion to digital form by encoders. 


Various forces acting on the model under test are de- 
tected with strain gauge pickups. Output is measured and 
continuously recorded by high-speed, recording, self- 
balancing* potentiometers (Bristol Dynamasters). En- 








Fig. 2. Progression of intelligence starts from force- 
sensing strain gages at left through digitizers to punched- 
card record. 
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Fig. 3. Encoder mounted directly behind potentiometer 
converts 336° angular rotation of potentiometer shaft into 
100 discrete digits. 


coders convert angular position of potentiometer shafts 
into digital information, which is fed into a summary 
card punch. Fig. 2 shows schematic of the entire system, 
which was designed by Giannini DATEX. 

Constants of the test, such as date, ambient tempera- 
ture, barometric pressure, geometry of the test sample, 
etc., are set on 16 dials (center of panel shown in Fig. 1) 
and also fed to the card punch, which operates at a rate 
of.100 cards per minute (IBM). Cards are analyzed and 
tabulated by United’s data reduction section. The con- 
tinuous potentiometer records provide information on 
reactions between card punch operations providing an 
added safeguard in evaluating the tests. 

The potentiometer and encoder component (Fig. 3) 
can be used to measure and convert speed, pH, smoke 
density, resistance, capacitance, power, viscosity, etc., 
when used with suitable primary measuring devices. Each 
potentiometer is equipped with precision resistors which 
can shift the zero or expand the scale so that output from 
any given pickup will give full-scale response at its maxi- 
mum output. This gives a uniform trace on all charts, 
and makes analysis easier. 

The system can be equipped to feed its digital informa- 
tion directly into an automatic typewriter, teletype trans- 
mitter, or other digital handling equipment, as well as 
into a card punch machine. The information can be 
stored for later analysis or used directly by computers. 
*A_ self-balancing potentiometer is basically a servomechanism 


which will drive a recorder or will provide a mechanical or electri- 
cal output proportional to an input voltage or current. 














Fig. |. Navy Aerobee-Hi launching. 


N Aerobee-Hi rocket was launched recently 
(Fig. 1) by the Naval Research Laboratory 
of Washington, D. C., in preparation for the 
United States program of rocketry for upper at- 
mosphere research during the International Geo- 
physical Year. It reached an altitude of 125 miles, 
and a speed more than g mile per second. A Decker 





Fig. 2. Pitot Static Tube housing (top) weighs 23 
pounds. Instrument pickups weigh 26 ounces and 
associated circuitry 5 pounds. 


T-42 Ionization Transducer system provided con- 
tinuous and accurate measurements of both ram 
and ambient atmospheric pressures with an output 
of over 1 volt per 0.005 psia. This is the first time 
an extensive pressure measurement system has been 
completely contained within the pitot static tube. 


Photos courtesy Naval Research and Decker Aviation Corp. 
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The Analog Computer 


Robert L. Yeager 


Electronic Associates, Inc. 





Fig. |. Typical general-purpose, indirect, analog computing facility. 


It is possible today to fly a plane, drive a tank, aim a gun, or track a missile without handling 
or even building the plane, tank, gun or missile. It is fitting that this first issue of MILITARY 
AUTOMATION, a magazine devoted to the new technologies of our times, contain an introduc- 
tion to the analog computer, the device that makes possible the simulation of an entire system. 
It is fitting, also, that MILITARY AUTOMATION extend this recognition to analog computation 
because it is the military that has supported the development of the analog computer to its 
present position of availability. Analog computation and simulation is one of the basic new tech- 
nologies of our times; it is destined to become a key technique in every phase of mod- 
ern technology. This begins a series of tutorial articles on analog computation and simulation. 
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HE TERM “analog” is derived from the word anal- 

; i tia tae fe - 

ogy, which means “similarity” or “resemblance. 

The analog computer creates electrical facsimiles 

or “analogs” of physical phenomena. The dynamic char- 
acteristics of the simulated system can be investigated 
thoroughly on the computer before the first test or pro- 
totype model is ever built. The net result—economy in 


technical manpower and a superior product. 


The technique of utilizing both electrical and mechani- 
cal models or analogs for certain types of problem solu- 
tion has been known for many years. The development of 
the electronic analog computer, however, has achieved 
rapid strides only in the years following World War II. 
Credit for this development appears to accrue to C. A. 
Lovell and D. B. Parkinson of Bell Telephone Labora- 
tories, who utilized operational-amplifier computing tech- 
niques in the computer of the M-9 anti-aircraft gun direc- 
tor (built by Western Electric Company for use in World 
War II). The use of these circuits was noted by other 
engineers, and in 1947 a number of companies began 
independent development of analog-computing machines 
and techniques. Thus, in less than ten years, a new and 
formidable approach to engineering design has evolved 
—an approach that is effecting inestimable savings in 
engineering manpower, for both Government and indus- 
try alike. 
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Major Types ANALOG 
The analog computers in use today may be categorized COMPUTERS 
into two broad divisions—(1) special purpose and (2) 
general purpose. Special-purpose analog computers are 
designed and built to solve one particular problem. Gen- 
eral-purpose analog computers, however, are flexible re- 
search tools—versatile enough, with the proper com- Special Purpose General Purpose 
plement of equipment, to be utilized in virtually un- Machines Machines 
{ limited applications. As shown in Fig. 2, the general- 
purpose machine can be further categorized according to 1. Bombsights 
its method of operation—that is, direct or indirect. 2. Firecontrol 
anal- } Computers 
ince.” 3. Wind-tunnel Data Di : 
‘miles General-Purpose Computers irect Indirect 
eee, 1 Direct Types 4. Missile Guidance 
igated The direct type utilizes the direct operational corres- Packages Uses > oor Couples electronic 
fo) . . . 
> ae. pondence between certain electrical passive elements and 5. Countermeasures po. seagate lilting components together 
P . eater ane epost Computers passive elements and nis ste ti eles. lite 
ny in corresponding physical parameters, For examp e, Fig. ; ; physical parameters ' ; 
shows an R, L, C circuit that represents the electrical ana- . sit a (inductance vs mass, sired gain or transfer 
f ; ean a - Fig. 2. General classifications ‘et d : Ravin Uae annen, 
og of a damped-spring suspension system. of analog equipment. resistance vs damping, - Uses op 
etc.) tional amplifiers. 
The x equation for the physical system is: 
Mx + Bx ++ Kx = f(t} SI aa 
The q equation for the electrical system is: 
Lg + Rq+9/C =f) 





Note the direct operational correspondence between 





mass and inductance, between resistance and damping 
factor, and between reciprocal of capacitance and spring 
constant, 

Direct analogs have been used for years, but have 
never achieved widespread favor because of high cost 
and unavailability of perfect components. That is, the 
resistance always found in inductance and vice versa, the 
leakage experienced in all capacitors, etc., introduce 
errors. 








General-Purpose 
Indirect Types 


The indirect-type general-purpose machine, or mathe- 
matical analog computer, uses the ability of the com- 








chani- puter to express certain mathematical relationships. One 
n solu- § of the best known mechanical indirect analogy machines 
nent of is the slide rule, on which lengths of the stick are ana- 
shieved logous to numbers. 
Var II. The type of indirect machine that has contributed more 
C. A. significantly than any other to the advance of military 
“abora- design is the electronic general-purpose analog computer, 
ig, tech- | commonly known as the electronic differential analyzer. 
1 direc- J 4 typical expanded computer system of this type is 
World | shown in Fig. 1. As this computer is typical of a large 
y other 9 number of available equipments, a knowledge of its ele- 
began § ments and operation serves to introduce the entire field. 
achines 
ew and 
evolved The Patch Panel 


ings in 


Fig. 6. Operational amplifier  ageige: by triangle) 


The electronic general-purpose analog computer is 


| indus- . ; : ; : is converted into summing amplifier at A, integrator at B, 
quipped with computing components that are built to Fig. 4. Patch panel is removable from machine so that _ differentiator at C, and any operational element at D, by 
erform certain mathematical operations—for example, programming need not use computer time. various feedback arrangements. 
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Fig. 7. Combination amplifier appears on patch panel 
as at left. Bottle plug inserted in 2nd and 3rd row covers 
word SUM and exposes INT, connecting amplifier as inte- 
grator as shown in center (with integrator symbol at top). 
Bottle plug in top four holes connects amplifier internally 


Fig. 8. Standard summing amplifier with 5 inputs. 
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as summing amplifier, and exposes SUM on patch panel, 
as shown at right (summing amplifier symbol at top). Num- 
bers on terminals describe gain for that particular con- 
nection. 


Fig. 9. Resistor network. 


multipliers, adders, integrators, etc., are built into the 
equipment. The inputs and outputs of these operational 
components are made available at the patch panel of the 
computer system. The various operational components 
can be assembled into the desired circuit arrangements 
simply by “patching.” or inserting jumpers into the holes 
of the patch panel. The patch panel is arranged so that 
it may be patched or programmed while away from the 
computer so that computation may be taking place on 
one problem while programming is taking place on an- 
other. A typical patch panel, capable of terminating a 
wide variety of general-purpose computer components is 
shown in Fig. 4. 


Operational Amplifiers 


The fundamental building block of the electronic dif- 
ferential analyzer is the d-c amplifier. The term “opera- 
tional amplifier” is a generic description of those ampli- 
fiers which use various types of feedback in order to 
perform various desired operations, such as summation. 
inversion, differentiation and integration. The specifica- 
tions required of the computing amplifier are high open- 
loop gain (usually on the order of 10*), low drift (ac- 
complished normally by chopper stabilization), good fre- 
quency response (flat to about 20 kc), and negligible 
input grid current (60 microamperes or less). A typical 
computing amplifier chassis is shown in Fig. 5. 

Fig. 6A shows one of these amplifiers operating in 
the summing mode, B shows hookup for integration. 
C shows differentiation,* and D, inversion. 

Patch-panel terminations for an amplifier that can 
operate as either a summer or an integrator are shown 
in Fig. 7. The mode of operation is determined by inser- 
tion of a four-prong “bottle plug.” which serves to con- 
nect either the feedback resistor or capacitor into the 
amplifier feedback circuit. When the bottle plug is placed 
in the top four holes, a one-megohm feedback resistor is 
connected from amplifier output to grid, and the ampli- 
fier operates as a summer. The word “sum” is exposed be- 
low the bottle plug, indicating the mode of amplifier op- 
eration, When the plug is placed in the bottom four holes. 
a one-microfarad capacitor is substituted in the feedback 
circuit and the amplifier operates as an integrator. The 
letters “INT” are then exposed above the bottle plug. 

Thus, the mode of amplifier operation is actually de- 
termined at the patch panel, and the same amplifier that | 
performs as a summer in one problem can operate as 
an integrator during a subsequent problem. Determining | 
amplifier operating mode is one of the preliminary steps 
in programming. 

Choice of the proper input resistor (Fig. 8) determines 
the gain factors that are applied to the inputs during 
either the summing or integrating mode of operation. 
These gains are indicated by the numbers above each 
input hole, as shown in Fig. 7. 


*Integration is used more often than differentiation in sim- 
ulating and solving problems because differentiation, by its 
nature, emphasizes high-frequency noise signals, whereas integra- 
tion does the opposite. 
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The computing elements (resistors and capacitors) are 
housed in a thermostatically-controlled oven behind the 
patch panel to assure stability and accurate results. A 
typical resistor network is shown in Fig. 9, 


Attenuators 

A large number of attenuators (potentiometers) are 
required in simulation and are provided on the analog 
computer, 

Attenuators are usually wired so that the bottom of 
the pot is grounded, while the top may be switched to 
the patch panel or to a highly-stable plus-or-minus volt- 
age source (Fig. 10). The top of the pot and the wiper 
are brought to the patch panel as shown. A potentiome- 
ter input (A) will be attenuated and appear as wiper 
output Ax, with x the potentiometer setting. 

A switch below each attenuator enables it to be con- 
nected to the plus or minus reference supply; this re- 
duces the number of patch cords used and the time re- 
quired to patch problems. Fig. 10 shows the patch-panel 
terminations for a typical attenuator. Occasionally it is 
desirable to apply a voltage to the bottom of an attenuator 
as well as to the top. Therefore. a few attenuators are 
connected as shown at lower right in Fig. LOC. 

Amplifiers and attenuators are commonly referred to 
as the linear components, and are all that is required for 
solution of systems of linear differential equations with 
constant coefficients. Although a large number of dy- 
namic systems can be defined by these components alone. 
a great many phenomena contain nonlinearities that call 
for the multiplication of two variables. or the generation 
of a function of a single variable. Units performing 
these operations are known as multipliers and function 
xenerators, and are found in many types. shapes and 
SIZes, 


Multipliers 
Many electromechanical multiplying devices are present- 
ly in use in the computer field and are giving adequate 
verformance within a fairly limited dynamic range. The 
levice, however, which seems to offer the greatest possi- 
‘ility of replacing these mechanical multipliers for ac- 
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Fig. II. 


Time-division electronic multiplier. 


curate, high-speed computation is the electronic  stal- 
lized time-division multiplier. This all-electronic device 
operates on the principle that if one input variable modu- 
lates height and the other modulates width, of a series of 
10-ke square waves, then the resulting energy level of 
the pulse train is proportional to the product of the two 
variables. A multiplier of this type, which can be expected 
to yield a typical static product accuracy of 0.01%, and 
an accuracy of 2‘ at 100 cps input, is shown in Fig. 11. 


Function Generators 

A popular device used for the generation of arbitrary 
functions of one (and in some cases more than one) 
variable is the electronic diode function-generator 
(DFG). Ease of setup. good frequency response, rela- 
tively low cost and good fidelity of reproduction are the 
important factors which have contributed to the wide- 
spread use of this computing component. 

A typical DFG chassis is shown in Fig. 12. It is capa- 












































BRISTOL'S SYNCROVERTER SWITCH is made to fit 7-pin miniature 
tube socket (left) or %-in. diameter chassis hole (right). Covered 
by patents. 


“Most reliable miniature 
chopper we've tested!” 


That’s the playback we're getting from electronic engi- 
neers all over the country on the high-performance Bristol 
Syncroverter® switch. One engineer writes: 

“In seven years of experience in applying similar 
devices, we have not found a chopper as reliable... 
after our tests no deterioration in performance was 
found, and we believe there is no equivalent meeting 
our requirements.” 

Another electronics engineer comments on his life-tests : 


“The switch has passed the 1000-hour mark with- 
out the slightest degradation of the wave form.” 


The Syncroverter switch has a normal operating life of 
thousands of hours. It’s a polarized, SPDT, non-resonant 
switch that provides break-before-make action in syn- 
chronism with a sine or square-wave driving current any- 
where in the frequency range of 0 to 2000 eps. In addition 
to reliability and long life, it’s noted for light weight 
(only 1.7 ounces) low noife level, and clean wave form. 


Write today for free bulletin on the high-performance 
Syncroverter switch. The Bristol Company, 174 Bristol 








Road, Waterbury 20, Conn. 6.10 
TYPICAL OPERATION 
400 cps 500 cps 
Coil voltage 6.3V sine, square, 6.3V sine, square, 
pulse wave pulse wave 
Coil current 55 milliamperes 45 milliamperes 
Coil resistance 85 ohms 85 ohms 
*Phase lag 55° +10° 65° +10° 
*Dissymmetry less than 4% less than 4% 
Temperature —55°C to 100°C }=—s —55°C to 100°C 
*Switching time 15° +5° 15° +5° 
Mounting — Any position — fits 7-pin miniature socket 
*These characteristics based on sine wave excitation 











FINE PRECISION INSTRUMENTS 


RISTOL = sere 


For more information circle 11 on inquiry card. 
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Layout and Construction ogo coiine an arhite. eee ee 
Pe yle of representing an arbitrary function Y F(x) with | 
Time Cut Seven Weeks 20 straight-line segments, as shown in that figure. | * 

On Analogue Computer! Another advantage of this type of function generator | ad a é 

is its ability to represent the extremely nonlinear por- | ig On & 

Ree | tions of a curve by many short segments, and thereby | 


Infrared Missile System 
Stalks Target for a Sure Kill 


| A missile’s success in destroying a Ss i on ty? VO 


target hinges on the capabilities of fote)-1-10)-7- bale), 
its terminal phase guidance system. fol aa -ahew 























Passive infrared systems for 
terminal phase guidance enable a missile 
to seek out and destroy its target 
without danger of jamming by the enemy. 


20-20 Jericho Turnpike 
New Hyde Park, L.1., N.Y. 





a ee 


Leading Research Institute Uses Alden 
Plug-in Components To Simplify and 
Speed Construction of Analogue Computer 


Servo Corporation of America solved 

the problem of miniaturizing these systems 
for missile requirements, and is a 

major producer of infrared systems for our 
Armed Forces. Infrared guidance systems are 
just part of the more than 20 passive 
infrared weapons systems produced by 


Engineers at one of the leading research in- 
stitutes turned to the Alden packaging com- 
ponents to save layout and construction time 
on an analogue computer and have reaped 
continuing benefits. Having discussed and 
worked up designs for a novel and compact 
analogue computer, the engineers of this insti- 




























































tute were suddenly faced with an urgent request | Servo Corporation of America. 

for a model. Being primarily concerned with TTT | Pp ‘ a b ; 

time, the engineers turned to the Alden Ter- ft s | assive infrare etection systems are now: 
minal Card Mounting System for mounting s establishing a new direction in military. — } 
their circuitry and the Alden 2” Basic Chassis instrumentation. To learn more al ' ‘the 2 





| application of infrared detection to 
| military weapons systems, please request — 
° | “IR-9902-56” on your company letterhead. 


flexibility of these basic standard components 
allowed them to lay out and build their gear 
with a tremendous saving in design time. It 
was estimated the saving of packaging and me- 
chanical engineering time gained them about 
seven weeks’ time through the use of these 
components. 


for housing this circuitry as plug-in units. The | 


Y=F(x) 


The simple, plug-in unit design resulting 
from the use of Alden components gave them 
great flexibility, enabling them to up-date the 
computer with more current circuits — and L 
whereas this project was to be a one-of-a-kind x 
prototype, the group has since made additional 
models using the original planning to duplicate a fe a - : 
the original equipment at low cost with great Fig. 12. Typical diode function-generator and typical 


speed. output curve. 





















































Since many of these Alden components come 
out of the needs of the computer field, they 
have had wide usage in building such equip- | 
ment as the Harvard Mark IV, the General | 
Electric ORAC, and many smaller computers | 
built by universities and research groups. 
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If you are designing or building 
computers, test gear or automatic- 
electronic controls — investigate the | 
advantages of Alden Plug-in Unit | 
Construction. See us at the IRE Show: | 


gg, Tae Mo ag March 18-21, | Fig, 13. Diode function-generator symbol and patch- 
panel terminations. 





me ea aa iar carr irr cr rr | 
| | ° ‘ P : 
TEAR OUT THIS COUPON achieve a more accurate approximation of the function. 


\for FREE BOOKLETS |, — 


| ideas. techniques . designs “, & 


<—S 


| The symbol and patch-panel terminations for this unit 
are shown in Fig. 13. 





These two nonlinear computing devices by no means 
| 
| 


| and . ’ ‘ , a ‘ 

Quick Index Guide to Components” cover the field of nonlinearities that can be simulated. 
| MAME Quotients, roots, and exponentials can be obtained readi- 
| TITLE ly, and backlash, hysteresis and boundary conditions can 
| p= —rdeeclall SEIS aren ener be simulated with the use of other nonlinear equipment. 
"anne | Now that we have introduced analog computing funda- 


| ALDEN PRODUCTS COMPANY |! | mentals and components, we are ready to investigate spe- 


ss ope ° ° . . . 
| 2122 No. Main St., Brockton, Mass | | if; applications. (To be continued in the next issue). 
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Stockpiled 
Factories 


HOLE factories can be stockpiled, at stra- 

tegic locations throughout the country, 

ready for instant set-up when needed. With 
standardized work centers that include their own 
lighting units, power facilities, and communication 
channels, production can literally be set up in tents 
if necessary. 

Work-center system components are all standard 
prefabricated units, sectionalized so that one unit 
will build on the next. It is possible to build up 
lines to any desired length and arrange each work 
position in any desired way. Lines can be expanded 
or contracted at will. 

A power facilities and communications channel, 
less than 3” wide, makes it possible to tap in and 
get any type of power or communications (control) 
facility at each operator or machine position. 
These facilities can be electric power, refrigerant, 
steam, hot or cold water, gas, hydraulic line, air, 
rare gas, vacuum, exhaust flue, or anything that 
can be carried over a wired circuit or through a 
pipe line. The availability of these channels is the 


key to the flexibility of the system, designed by DU MONT SPACE-SAVER RADAR TUBES 


Alden Systems. 


CONVENTIONAL DESIGN 


a 


Defense experts see production set up from bare 
floor in 29 minutes. Photo courtesy Alden Systems Co. 


Trial Setup Miniaturized in everything but screen size 
and performance, DuMont space-saver radar 
tubes meet modern air-borne radar require- 
ments. Available in 3 to 12-inch sizes. 


At a meeting of the Eastern Seaboard Defense 
Mobilization Council representatives of the Armed 


Services and various civilian government agencies 

' HIGH LIGHT OUTPUT AND RESOLUTION ¢ LOW 
HEATER CURRENT ¢ DESIGNED FOR FACE-PLATE 
setup. Starting from bare floor, a 4-position manu- MOUNTING * SMALL NECK WITH 9-PIN MINIATURE 


facturing operation, including lighting, power fa- BASE ¢ ELECTROSTATIC OR MAGNETIC FOCUS AND 


setae ene DEFLECTION. @) 
cilities and work positions was set up by a two-man 

team using only a socket wrench. In 29 minutes 

production was coming off the line. 


The significance to people interested in defense 


security is that in like manner 20 men could set industrial Tube Sales, ALLEN B. DUMONT LABORATORIES, INC., 2 Main Ave., Passaic, N. J. 
up a 1000-man factory in 12 hours. 


saw a dramatic demonstration of rapid production 


For more information circle 14 on inquiry card. 
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ed EVENTS 


February 15 

22nd Meeting of the Gulf Coast Spec- 
troscopic Group, Colonial Room. Sa- 
bine Hotel, Port Arthur, Texas. For 
information write W. J. Ruez, Pro- 
gram Chairman, Gulf Coast Spectro- 
scopic Group, Petro-Tex Chemical 
Corp., P. O. Box 2584, Houston 1, 


Texas. 


February 25-27 

Military-Industrial Symposium on 
Guided Missile Electronic Test Equip- 
ment, Redstone Arsenal, Huntsville. 


Ala. 


March 3-6 

23rd Annual Meeting of the Ameri- 
can Society of Photogrammetry, 
Shoreham Hotel, Washington, D.C. 
For information write J. W. Hal- 
brook, Chairman, 204 Lafayette 
Drive, Alexandria, Va. . 


March 5-8, 1957 


4th Annual Conference on High 
Speed Computers, Louisiana State 
University, Baton Rouge, La. 


March 6-9 

17th Annual Meeting of the Ameri- 
can Congress on Surveying & Map- 
ping, Shoreham Hotel, Washington, 
D. C. For information write Frank- 
lin G. Williams, Chairman, 5514 Ne- 


vada Ave., N. W., Washington, D. C. 


March 11-14 

The IRE Professional Group on Nu- 
clear Science is cooperating with the 
EJC Second Annual Nuclear Science 
and Engineering Congress in Phila- 
delphia. For information write Dr. 
Sidney Krasik, Editor, IRE—PGNS 
Transactions, 5621 Wilkins Ave., 
Pittsburgh 17, Pa. 


March 11-15 

Nuclear Congress, Convention Hall, 
Philadelphia, Pa. For information 
write Engineers Joint Council, 29 


West 39th St.. New York 18. N. Y. 
March 14-16 


National Military-Industrial Confer- 
ence, Conrad Hilton Hotel, For in- 
formation write Armour Research 
Foundation of Ill. Inst. of Technolo- 
gy, 10 W. 35th St.. Chicago 16, IIl. 
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DOUGLAS stiecrs LINK 


TO BUILD FIRST DC-8 JET SIMULATOR 


/ 


/ 
[ AVIATION, INC. / 


Omenawron wae voRe 








GENERA L 





ECE NOLOGiC.A x1. 


AERONAUTICAL SYSTEMS 
have made vital contributions to the progress of jet avia- 
tion and its expansion into the civil transport field. Many 
have won recognition as the finest in the industry, bench 
marks of American technology. 

Whole generations of airmen, for instance, have 
been trained in flight simulators developed and produced 
by Link, pioneer of on-the-ground flight training. This 
GPE Company has delivered over 800 jet flight simu- 
lators—more than all other manufacturers put together. 
It has just been selected, on the basis of superior tech- 
nology and equipment. to produce America’s frst simu- 
lators for jet air liners. Link-developed DC Computer 
Systems in Link supersonic simulators are the only ones 
meeting the needs of these advanced aircraft. 

Equally dominznt are the gyro-magnetic compass 
systems of Kearfott, another GPE Company. This com- 
pany’s new lightweight J-4 Compass System weighs only 





92 GOLD STREET, NEW YORK 38, NEW YORK 


For more information circle 1§ on inquiry card. 
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THE GPE GROUP 
Graflex, Inc. @ 








a navigation system that 
solves jets’ problems 


Gs> General Precision Laboratory Incorporated 





Sightsee 
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wren ent Fe Pfirrscont 
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BRENCEX WARES 


18 pounds. Yet it provides accurate heading information 
at all latitudes, is rugged enough to maintain its high ac- 
curacy despite the jolts and speeds of jet flight. The Air 
Force has just selected it as standard for all new fighter 
craft. Kearfott’s N-1 Compass System has been the navi- 
gational standard for Air Force bombers for 5 years. 
Still another member of the GPE Group, General 
Precision Laboratory, has developed and is currently 
making quantity deliveries of the most advanced airborne 
navigation systems in use. These GPL systems, which 
are self-contained and fully automatic, have flown mil- 
lions of operational miles with unprecedented accuracy. 
Their adaptations to civilian jet needs—GPL’s RADAN 
Systems—are expected to make equally far reaching con- 
tributions to the commercial jet transport field—in the 
way of increased safety, fuel economy, passenger conven- 


ience and efficient use of limited air space. 


These are but some of the accomplishments in avia- 


The Griscom-Russell Company @ 


P MEN T 
RRR 8) a RR NS SP ae sce ey ee 


tion for which GPE Companies, working in conjunction 
with the Armed Services, are responsible. Librascope, an 
important member of the Group, produces outstanding 
instruments and equipment for the field. Librascope’s 
computers, its highly advanced equipment for photo- 
reconnaissance work and photogrammetric equipment 
for the interpretation of photo data, its periscopes, pilot 
and navigator finders, are all leaders. Several GPE Com- 
panies are deeply involved in inertial guidance, guided 
missile projects and certain nuclear power applications. 

In all GPE achievements in the numerous industries 
in which the companies work, GPE Coordinated Preci- 
sion Technology plays an important part by inter-relating 
the wide range of skills and resources of the Group. This 
operating policy, and each company’s unremitting in- 
sistence on highest quality, are major reasons for the fre- 
quency with which GPE systems and equipment continue 
to set standards in their fields. 


CORPORATION 


Askania Regulator Company @ Bizzelle Cinema Supply Corporation @ Bludworth Marine @ General Precision Laboratory Incorporated 
The Hertner Electric Company ®@ 


International Projector Corporation @ Kearfott Company, Inc. 


Kearfott Manufacturing Corporation @ Librascope, Incorporated @ Link Aviation, Inc. @ J. E. McAuley Mfg. Co. @ National Theatre Supply Company 


‘TION 


Pleasantville Instrument Corporation @ 
Society for Visual Education, Inc. ¢@ 


Precision Technology, Inc. @ SEC-o-matic Corporation @ Shand and Jurs Co. 
The Strong Electric Corporation @ Theatre Equipment Contracts Corporation 


For more information circle 15 on inquiry card. 
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March 18-21 


Second National Conference of Gas 
Turbine Power Div., American So- 
ciety of Mechanical Engineers, Sher- 
aton Cadillac Hotel, Detroit, Mich. 





March 18-21 

Institute of Radio Engineers Nation- 
al Convention and Radio Engineer- 
ing Show, Waldorf-Astoria Hotel and 
the New York Coliseum. For more 
information write IRE, 1 E. 79th St., 
N. Y. 21, N. Y. 


March 25-28 

Physical Society Exhibition of Scien- 
tific Instruments and Apparatus, 
New and Old Halls of the Royal Hor- 
ticultural Society in Westminster, 
London. For information write J. E. 
Reeve. Commercial Dept., British 
Embassy, Washington, D. C. 










April 10-12 

First National Nuclear Instrumenta- 
tion Conference, Hotel Biltmore, At- 
lanta, Georgia, sponsored by ISA. 
For information write Herbert S. 
Kindler, Instrument Society of Amer- 
ica, 313 Sixth Ave., Pittsburgh 22, 
Pa. 


April 11-13 

Ninth Southwestern IRE Conference 
and Electronics Show and the Second 
National Simulation Conference, 
Shamrock-Hilton Hotel, Houston, 
Texas. 


April 14-16 

National Symposium on Telemeter- 
ing and Exhibits, Sheraton Hotel, 
Philadelphia, Pa. For information 
write Fred Fanella, General Electric 


Co., Special Defense Projects Dept., 
3198 Chestnut St., Phila. 4, Pa. 








April 15-17 

A Symposium on Systems for Infor- 
mation Retrieval will include demon- 
strations of working equipment and 
be held at Masonic Auditorium, 3615 
Euclid Ave., Cleveland 15, Ohio. For 
more information, write Jesse H. 
Shera, Dean, School of Library Sci- 
ence, Western Reserve University, 


11161 E. Blvd., Cleveland 6, Ohio. 


April 26-27 

11th Annual Spring Technical Con- 
ference on Television at Engineer- 
ing Society of Cincinnati Bldg., Cin- 
cinnati, Ohio. For information write 
Charles B. Shaw, Jr., Hangar 3, Lun- 
ken Airport, Cincinnati 26, Ohio. 
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Fig. |-1. Digital voltmeter using 8 vertical and | hori- 


zontal printed boards. (Photo courtesy Linear Systems 


and Formica Co.) 








ALLAN LYTEL 


Fig. 1-2. Printed-circuit board with transistors from a 
digital computer. (Photo courtesy Philco Corp.) 





The Author 


ALLAN LYTEL has attended Haverford College, 
Pennsylvania State College, and Temple University, 
from which he holds a B.S. degree in mathematics. 
During World War II he served as radar instructor 
in several Army Air Force and Signal Corps schools. 
After the war, Mr. Lytel was in charge of the Mo- 
bile Communications System for the "Big Inch" and 
"Little Inch" pipelines. The last five years he has been 
a lecturer in electronics at the Technical Institute and 
Community College of Temple University, where he 
has taught courses in ultrahigh frequency, a-m and 
f-m receivers and transmitters, tests and measure- 
ments, and physics. During this time Mr. Lytel has 
written several textbooks. He is currently with the 
Technical Information Unit, Electronics Lab., General 
Electric Co., Electronics Pk., Syracuse, N. Y. 
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General Electric Company 





Fig. 1-3. Printed-circuit package. (Photo courtesy 
Centralab, Inc.) 


Printed 
Cireuitry 


Printed wiring and printed circuits are changing the basic character of 
modern electronic circuits. This discussion of terminology, advantages 
and basic factors introduces a complete series on this important subject. 





Fig. 1-4. Tinkertoy modular wafers. (Photo courtesy 
the National Bureau of Standards) 


TD circuit” or of the techniques known as “printed 


circuits” or “printed wiring” properly begins with 


a definition of these terms. Printed wiring refers J 


to the use of solid metallic conductors made in repro- 
ducible patterns and bonded to an insulating base mate- 
rial. Printed circuits use printed wiring plus components 
such as inductors, capacitors, or resistors made by simi- 
lar techniques. 

The two terms—‘“printed circuits” and “printed wir- 
ing”—are used interchangeably and not always in their 
purest sense. The word “printing” is not always accurate. 
Some processes do not use printing techniques, but are 
still referred to as “printed” because the final product 
is like that of the printing process. 


The first printed circuits resulted from a search for § 


a technique which could be mechanized for large-scale 
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production. Credit for early U. S. development belongs 
to the National Bureau of Standards. This search for a 
method to bring electronics production up to the effi- 
ciency standards of other industries was begun during 
World War II. Experimentation began with silver paint 
applied through a stencil and fused with heat to form a 
metallic circuit. Because ordinary base materials could 
not withstand the 1000°F fusion temperature, ceramic 
materials such as steatite were introduced. 

Three developmental paths were followed based on the 
steatite-based circuits with printed silver conductors, re- 
sistive paints, and printed components: 


A. Printed-Circuit Packages. Commercial develop- 
ment led to small units, such as shown in Fig. 1-3, which 
were included in larger circuits. These packages each 
contain several components and are assembled into com- 
monly-used circuit designs. 


B. Tinkertoy Modules. The National Bureau of 
Standards developed a basic standardized wafer. As 
shown in Fig. 1-4, each wafer contains a component, or 
group of components. By proper inter-connection (stack- 
ing) it is possible to make complex circuits. This basic 
concept is now commercially produced* in small lots for 
developmental circuit work while improvement continues. 


C. Other Printed-Circuit Techniques. These early 
developments caused still a third direction of effort. The 
basic printed circuit has developed into many newer 
‘echniques, such as using copper foil bonded to a plastic 








\CF Industries, Aerovox, and others. 
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Fig. 1-5. Television receiver with three printed-circuit boards which contain 75%, of the circuitry— 
231 components and 13 tubes. (Photo courtesy Admiral Corp. 


base. Excess copper is removed so that the remaining 
copper forms the desired circuit. 


Uses of Printed Wiring 

A wide range of electronic equipment is now being 
produced with printed wiring—hearing aids, digital com- 
puters, television receivers, aircraft antennas, test equip- 
ment, automobile dash-boards, etc. Because printed wir- 
ing is so well adapted to mechanization and eventual full 
automation, it has an important place in the future of 
the electronics industry. 

Fig. 1-1 shows a digital voltmeter with one horizontal 
and eight vertical boards used as “packages.” Each board 
contains wiring and components for a complete circuit. 
Placement of individual boards makes servicing or re- 
placement of parts simple. 

In Fig. 1-5 three printed boards contain 75% of the 
television receiver circuitry. The three boards contain 
231 components, including 13 tubes, Some receivers have 
used printed wires in the tuner for several years. 

Transistors supplement printed wiring; combined they 
make for effective miniaturization. As transistors require 
only small amounts of power, there is no heat-dissipation 
problem and their printed-wire circuits may be even 
more compact. An example of this combination is shown 
in Fig. 1-2; this printed-wire board, with transistors and 
resistors, is a circuit package from a digital computer. 


Making the Printed-Wire Board 


Printed wires represent a totally new and different 
approach to electronics assembly and design. The special 


Fig. 1-6. Printed-circuit master drawing reproduced for production. 








features and design problems must be engineered as a 
part of the original circuit design. 

As the circuits are mass-produced, production changes 
are difficult to make. Thus an engineering study of the 
circuits is made before they are produced as printed 
circuits. Changes in the course of production require 
that the technicians who will be responsible for repairs 
be informed of the changes. 

In the basic subtractive process a copper-clad board is 
printed with acid-resistant material wherever conductors 
are to remain in the final circuit. Etching removes the 
excess copper and the result is the desired array of con- 
ductive “wires.” Holes punched in the board allow mount- 
ing of components; usually by means of their lead wires. 
After these are mounted the board is completed by sold- 
ering; usually by dipping in a solder bath. 

There are several ways to impress the acid-resistant 
pattern on the copper surface. It may be printed (offset 
method), photoengraved, or silk-screened. Another tech- 
nique uses a hot die which die-stamps only the desired 
conductors into the surface of the insulating base mate- 
rial. All systems will be described in detail in the follow- 
ing discussions. 

The manufacturing process for the offset printing and 
etching method is quite different from normal wiring. 
The first step is a layout drawing from which a master 
is made. Fig. 1-6 shows a master containing six identical 
circuits. The acid-resistant film (acid resist) is printed 
with a press, as shown in Fig. 1-7. A metal plate trans- 
fers the impression to a rubber blanket which offsets the 
printing onto the copper-coated board. 


35 














Fig. 1-8. Punch-press cutting of printed boards. (Photo 
courtesy General Electric Co} 


After an etching bath has removed all copper unpro- 
tected by the “etch-resist”’ the boards are stamped, either 
in a group (Fig. 1-8) or individually (Fig. 1-9). 

The holes in the printed lines are drilled or punched 
out for mounting components, Standard resistors, capaci- 
tors, or even i-f transformers may be mounted to the 
board by machine. After the leads are cut and crimped 
the entire unit is dipped into a solder bath, soldering all 
connections at the same time. The circuit is now ready 
to be mounted in the television or radio chassis. 

Sometimes it is possible to fabricate certain components 
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by the same methods. A spiral of copper foil can serve 
as an inductance; a printed line of carbon ink can act 
as a resistor; copper pads on each side of the board can 
act as a capacitor with the base acting as the dielectric. 

The finished product can be a simple single board 
(Fig. 1-11) or a complete chassis on a single board (Fig. 
1-10). In Fig. 1-11 the master drawing of a circuit is 
shown in part A. The wiring side of a small board is 
shown in part B (note numbering for the leads, tube 
socket pins, and component lead locations), and the com- 
ponent side (of B) is part C. A board which serves as 
the entire chassis is shown in Fig. 1-10. This is a small 
table radio with all components mounted on the single 
board, which mounts vertically in the cabinet. 


Advantages of Printed Wiring 

Printed wiring can be accomplished by automatic ma- 
chinery more easily than can the older point-to-point wir- 
ing. 

Printed wiring has a high degree of uniformity be- 
cause mechanical reproduction assures standard treat- 
ment. Thus, individual wiring errors are eliminated and 
the quality of the circuit and its construction is not only 
high, it is uniformly high. 

Equipment design is simplified, and circuit designs 
not possible before are now feasible. For example, micro- 
wave antenna arrays, which are difficult to manufacture 
with the required tolerances, can be printed accurately 
at reduced cost. Less weight means that final equipment 
is lighter; this is very significant in airborne electronics. 

Some circuits, such as audio and video amplifiers, 
have been used repeatedly as building blocks. They are 


sometimes called modular circuits. From a 


group of 






Fig. 1-9. Stamping prinied boards. (Photo courtesy 
Methode Mfg. Corp.) 


Fig. 1-10. Table-model radio showing wiring side. (Photo 
courtesy Methode Mfg. Corp.) 


modular circuits many equipments may be assembled. 
Engineering effort can be redirected toward making the 
best possible modular circuits. Greater use of a few cir- 
cuits means production economies that lower cost of the 
final product. 

Lead dress is often a problem with critical circuits. 
The capacity between leads or between leads and chassis 
is often a source of trouble with some signal circuits. 
This problem is overcome with printed circuits wherein 
wires are always in the same position in relation to each 
other. Once the wires are laid out, capacity can be meas- 
ured and proper compensation made. 

Components are always found in the same place on the 


board, which is an aid to troubleshooting. It is now a | 


simple matter to locate and identify each component from 


its position on the board. The layout sheet, supplied as } 


part of the schematic drawing. shows each part and its 
location. 
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ESIGNED specifically to complement airborne 

radar equipment, the Clutter-Operated Anti- 

Clutter (COAC) Receiver uses impulses returned 
from a “cluttered” target to automatically adjust the radar 
set to each element of the target. These target elements 
are now shown as well-defined individual images. Without 
the new device, radar equipment favors the largest target 
on the screen, to the extent that small images, returning 
a lower level of reflected energy, tend to blend in with 
the fringe of the larger image, and can be completely 
obliterated by the stronger target (Fig. 1-A). The new 
unit preserves high incremental gain for signals of nar- 
row dynamic range and compresses stronger signals, and 
signals having a large dynamic range, by ‘as much as 
80 db (Fig. 1-B). 

The COAC Receiver in airborne radar equipment will 
provide clearer landmarks for navigation, give more 
faithful information for avoidance of air collision, and 
show storm fronts in the path of aircraft. 

COAC has same physical specifications as standard 
amplifiers and can be substituted for the original ampli- 
fier with a few changes in wiring. The COAC amplifier 
makes gain control unnecessary, except when it is de- 
sirable to focus on one individual image to the exclusion 
of definition of others within a target area. Usually the 









































AFTER YOU GET YOUR BEARINGS 
CAN YOU KEEP THEM?— 
CLEAN! 
. (Photo =) 
Fig. 1-11. A. Master drawing for a simple printed-wiring 
pattern. B. Etched wiring in an audio amplifier. C. Com- 
ponent side ef same etched-wiring board shown in B. 
embled. 
cing A great advantage of printed circuits is that it is possi- 
few cit- The for the technician to replace circuits for troubleshoot- 
t of the ing. For example, if trouble is traced to the video i-f 
._,. (emplifier, the entire unit can be replaced. Replacement 
circuits. Es not used for all troubleshooting, but where there is a 
| chassis stubborn fault, replacement has great value. 
circuits. J TOOLS FOR USE IN MOST ANY WAY WHERE 
wherein § [Following discussions will include: PRECISION BEARINGS ARE USED 
Desi bl f printed circui 
to each a ee MAY WE TALK ABOUT YOUR PROBLEMS OVER 
se meas: Development of printed circuits 
Components for printed circuits YOUR DESK 
e on the Receivers and audio amplifiers 
a Radio-frequency applications 
s now ¢ 
eg Bi ett Be in THE BAKER COMPANY, INC. 
plied as} Servicing the printed circuit Maplewood, Maine 
and its I Mechanized manufacture of printed circuits 
Te be continued in the next issue 
For more information circle 17 on inquiry card. 
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Improved Radar Target Definition 






radar technician need adjust only the antenna tilt and 
brightness controls of the equipment. 

With minor modifications, the COAC Receiver can be 
adapted to meteorological, land, or ship radar sets. The 
COAC system is designed by Allen B. DuMont Labora- 


tories, Inc. 
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Fig. |. "A" shows image of a typical New Jersey met- 
ropolitan landscape on a radar set not equipped with the 
COAC unit. Bridges, buildings, water towers, and other 
promontories tend to blend together as one basic image 
with several poorly defined smaller spots. "B'' shows the 
same view on a COAC-equipped unit with each element 
shown individually on the screen. The more specific infor- 
mation gives navigators better landmark guides and tells 
them in greater detail the nature and number of obstacles 
which may be in the flight path. The COAC unit auto- 
matically adjusts to images returning a smaller degree of 
reflected energy while still retaining the individual outline 
of larger images. 

- Photos courtesy of Allen B. Du Mont Laboratories, Inc. 
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This new lightweight (weighs less 
than one ounce) thermal switch features an 
operating differential of plus or minus only 
one degree with extremely fast response. 


With an effective calibration tem- 
perature rating from —20°F +1000°F, 
it will even operate accurately 
when subjected to momentary 
undershoots to —80°F and 
overshoots to as high as 2000°F. 


Wherever fast-acting, sensitive, 
thermally responsive regulation is required 
_ for control of dangerously high or 




















low temperatures, this “LIGHT and _ 
LIVELY” switch will do the job 

; accurately, dependably. 

/ 

! 

| 

! 
! Ask about these CPI switches, too. 
Be 

\ 

Zz 4 

\ Plug-stat h / Super \ 

’ versatile High-temperature \ ‘ 

thermal switch thermal switch \ 


Hermetically sealed 
fire detector . 





Thermal switch 
for temperatures 
to 1200 °F 





Ask our representative to tell you how CPI 
can help you solve your temperature control 
problem—and remember—when temperatures 
are high (or low) you can depend on CPI. 
Write for complete engineering data. 
Ask for catalog MA. 


Vontiol products, inc. 


HARRISON, N. J. 
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2-5000 PPS 
(Pix/Sec) 


HIS lightweight airborne 16-mm high-speed 
camera, capable of 2000 pictures per second, 
will withstand 100 g’s shock and operate at 
50 g’s constant acceleration. Another model has 
been designed for 5000 pps. Called the “Motion 
Analysis Camera” (MAC), it uses rotating prisms, 
and can be adapted to many uses. Industrial and 
airborne models have film capacities of 100 and 
200 feet, using daylight loading spools (Fig. 1). 
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Fig. 1. Two Motion Analysis Cameras; one de- 
signed for general industrial use is left, the other is 
for airborne use. 


Resolution tests of the MAC produce results 
equal to or better than those obtained with inter- 
mittent cameras operating at 64 pictures per sec- 
ond and more. Picture steadiness on projection is 
much better from 100 to 1,000 pps than that of the 
intermittent cameras. 

The rotating prism is selected for the highest 
possible index of refraction and lowest dispersion 
with a minimum thickness and minimum angle of 
incidence. The result is an evenly illuminated pic- 
ture that has a sharp frame line, with no over- 
lapping of images of one frame into the next. 

Since the introduction of high-speed color film, 
glasses of higher indices of refraction cannot be 
used for prisms because they have color, generally 
yellow. Therefore, a rare-element glass is used for 
the 4-sided prism, which is as nearly “water-white” 
as possible, with a high index of refraction and 
low dispersion. Thus the image is free from “color 
fringing,” and color photography is possible with- 
out color correction filters. 

The camera is simple to operate and load. There 
is only one switch on the camera, and two sockets: 
one for motor power and one for the timing light. 
At picture-taking rates up to 1000 per second, an 
adjustable brake can be set to prevent overrun of 
the feed spool when the camera is stopped and 
started for several runs on avsingle roll of film. In 








a little 
means 


in every choice situation 


As in many things, a little care goes a long way. 
For instance, selecting the right relay. Take the HG-2SM-R, 
for instance. Here’s a new concept in sub-miniature 
relays by Hi-G. Only 1” and %” long... 
diameter .635... operating frequencies from DC to 
10,000 cycles per second ... meets MIL-R-25018 ... 
with maximum operating temperature up to 
140° C. Write today for complete details. 


another outstanding 


Hi-G relay 





Sub-miniature. . . hermetically sealed ... 


space saving, this HG-E2 relay measures 1” square 
by 3142”... meets MIL-R-5757C. Designed 
for operating temperatures up to 125°C. with 
long-life characteristics at rated contact loads of 


2 amps at 28 Vdc or 115 Vac. Coil resistance ranges § 


of 50 to 10,000 ohms. Hook terminals or straight 
pins for plug-in and printed circuit applications 
are standard. Available in Form A, B, or C contact 
arrangement with maximum of two poles... 
for AC operation with internally mounted 
silicone rectifiers. 


Today .. . find out more 
about the complete line of Hi-G 
sub-miniature relays. 


= Ge one. 
BRADLEY FIELD »* WINDSOR LOCKS, CONN. 


For more information circle 19 on inquiry card. 


MILITARY AUTOMATIO 











ins 


fo) 
is | 









































y way. 
HG-2SM-R, 
liniature 
m DC to 
aie 


p to 
ails. 


i” square 
signed 
5°C. with 
is of 
nce ranges 
aight 
lications 
C contact 
ee 
ited 


KS, CONN. 


quiry card. 


|ATIO 


























Giving life 
to automation 


Start to finish engineering of instru- 
mentation systems for automatic control 
of processes is offered through Panellit 
Service Corporation. This staff of me- 
chanical, electrical and chemical engi- 
neers — all with process experience — 
offers the broad scope of services out- 
lined below. 


Studies and evaluations of instrument 
requirements, equipment recommen- 
dations, and preparation of detailed 
specifications. 


Instrumentation installation, inspection 
and checkout supervised by PSC engi- 
neers working with factory-trained craft 
foremen and technicians. 


Field maintenance of installed instrumen- 
tation on a contract basis. 


Overall project coordination of these in- 
dividual services places entire respon- 
sibility for automatic control systems in 
one qualified organization. 


PSC activities have included major 
instrumentation projects in the process, 
power and atomic energy industries and 
for engine test facilities. Your inquiry 
is invited. 


PANELLIT SERVICE 
CORPORATION 


A SUBSIDIARY OF 
PANELLIT, INC. 


7517 N. Hamlin Ave. ¢ Skokie, Ill. 
Panellit of Canada Ltd., Toronto 14 


Engineered Information Systems for Industry 


Pana log 
Panalarm Information 


Graphic Panels, 
Annunciators 


Control Centers 


Systems 
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addition, speed can be varied while film is passing 
through the camera. 

During recent tests the camera exceeded the lim- 
its of laboratory testing by an appreciable amount. 
In the first of two studies an MAC was mounted 
on the floor of a rocket propelled sled. Decelera- 
tion forces were in excess of 60 g’s when the sled 
shot by at 600 mph. Vibration of the sled floor far 
exceeded laboratory test conditions. Timed to 
study the ejection of a pilot’s seat, the camera ran 
at 800 pps—clearly recorded the functioning of 
ejection, 

At the same time a similar camera, mounted near 
the track opposite the point of seat ejection, used 
color film and a half-inch focal length (wide an- 
gle) lens to take ejection (Fig. 2). 

Subsequently a second study was made on a sled 
travelling at supersonic speeds. An MAC, riding 
on the floor of the sled, operated successfully dur- 
ing an initial acceleration of 200 g’s, which finally 
settled down to 50 g’s. Color film again showed 
fine results. 






oR 


Fig. 2. At the site of a high-speed sled track, John 
H. Waddell, designer of the new Motion Analysis 
Camera, prepares to "slow down" a rocket sled with 
2000 pictures per second. 


From MAC Specs— 

HS 100: AERIAL MODEL: 

100-foot 16-mm high-speed motion picture camera 
suitable for airborne and rugged use, furnished 
with 28-volt d-c motor will permit from 100 to 
1,000 pictures per second to be taken. Suitable for 
use with other motors in a series listed below. 
Weight: 11 pounds. 

Dimensions: 1174” long, 434” high and 4%¢” thick. 
Equipped with f{/1.5, 13-mm lens with bayonet lock. 
Three mounting holes provided for 44” x 16 thread 
screws and one 14” x 20 mounting hole. Detachable 
door. Open-sight view finder, which can be cor- 
rected for parallax, and various focal length lens 
fields from 13-mm to 152-mm. 

HS 503: 

Motor assembly suitable for taking pictures from 
300 to 3,000 per second. 

HS 504: 

One pair of motors for taking pictures at rates from 


500 to 5,000 pictures per second. 
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Photos courtesy Fairchild Camera and Instrument Corp. 
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Kearfott Servo Motor-Generators are characterized by low rotor inertia, low 
time constants and high stall torque. Motor-Generator combinations pro- 
vide ¥ to 3.1 volts per 1000 R.P.M. with an extremely linear output over a 
speed range of O—3600 R.P.M. and useful output up to 10,000 R.P.M. 


* New Size 11 low cost, Servo Motor-Damping Generator Type R 809. 




















CHARACTERISTICS 
TYPE MOTOR GENERATOR 
OUTPUT 
STALL TORQUE NO LOAD SPEED | FUND. NUL LINEARITY 
DAMPING “ 
SIZE 10 .35 OZ. IN. 6000 21/1 5 
SIZE 10 .30 OZ. IN. 8500 23/1 $e 
NEW R 809 .63 OZ. IN. 5900 25/1 5 
SIZE 15 1.5 OZ. IN. 5000 25/1 5 
SIZE 18 2.4 OZ. IN. 5000 25/1 5%- 
SIZE 18 3.0 OZ. IN. 9600 23/1 5% 
RATE 
SIZE 15 .45 OZ. IN 10,500 170/1 5 
SIZE 15 1.5 OZ. IN 4700 350/1 23 
SIZE 18 2.4 OZ. IN 4700 , 350/1 2% 
SIZE 18 3.0 OZ. IN 8400 350/1 2% 
*INTEGRATOR 
SIZE 15 70 OZ. IN 
SIZE 15 1.25 OZ. IN 
size 7. 1.35 OZ. IN 
2.4 OZ. IN. 
SIZE 18 3.0 OZ. IN. 
*integrator Tachometers are temperature stabilized 
| i 


Kearfott components satisfy all re- 
quirements for high accuracy, light 
weight and small size. 


KEARFOTT COMPONENTS INCLUDE: 


Gyros, Servo Motors, Servo and Magnetic 
Amplifiers, Tachometer Generators, Her- 
metic Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy mechan- 
ical, electrical and electronic components. 





A SUBSIDIARY OF 





Send for bulletin giving data of Counters 
and other components of interest to you. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif, 


South Central Office: 6115 Denton Drive, Dallas, Texas 
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Quality isa product of 


knowledge and craftsmanship 


Consult the pioneers in evaporated metal coatings 
for mirrors of unexcelled quality 


@ FIRST SURFACE MIRRORS 


With half-wave protection 


@ SEMI-TRANSPARENT MIRRORS 


Metallic and non-metallic 


@ BEAM SPLITTERS 





Nearly a quarter of a century of service to the 
optical industry 


Be sure to consult with us when you want to 
change the direction of light. Write to Dept. M 
for a folder describing Evaporated’s coatings. 


‘EVAPORATED METAL FILMS CORP. 


i. -Ithaca, New York 
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General Control Push Button Switches 


First of their type; and 
still the leader. 


A flexible, streamlined, 
thoroughly practical 
approach to circuit 
switching is available in 
this newly re-designed 
long-life Push 

Button Switch. 








| STANDARD MPB SWITCH 


Operating combinations: 
Accumulative Leck; No 
Two Interlock; Lock 
Release; and Non-Leck. 
Both 1 and 5 ampere types 
available. Frem 2 to 

12 positions. 





RIGHT-ANGLE MPB SWITCH 


Right-Angle Type saves 
behind-panel space. 


Stacked and Intercoupled 
they provide single-switch 
operation of 2 or 

3 switch banks. 





Specials also available 


Write for Bulletin PB-300 


MPB GROUP — INTERCOUPLED 





* LEVER. PUSH BUTTON and LIMIT SWITCHES 


TRONIC and SYNCHRONOUS -— MOTOR TIMERS 
CUSTOM CONTROL PANELS 





GENERAL CONTROL COMPANY 
1228 Soldiers Field Read + + Boston 34, Massachusetts 
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Advanced Doppler Navigation 





Fig. 1. Navigator's control panels of prototype Radar 
Navigation Set AN/APN-66 installed for the Air Force 
in a C-54 type aircraft. Some of the electronic gear 
shown is additional instrumentation for flight testing pur- 
poses. 


ILITARY AIRCRAFT are now using production 
Mi rnoset of Doppler Navigation Set AN/APN-66, 

said to be the most advanced air navigation system 
in operational use (Fig. 1). Using the Doppler effect, 
the AN/APN-66 directly measures ground speed and 
drift angle, the “heart” of air navigation. The system 
operates automatically anywhere in the world without 
any outside aids, such as ground-based stations or celes- 
tial fixes. The AN/APN-66 navigates in any weather, in- 
cluding zere visibility, and over all types of terrain. De- 
signed and developed for the mest medern aircraft by 
General Precisien Laberatery, Inc., the system accem- 
modates extremely high speeds and altitudes. 


Significance 

The AN/APN-66 system achieves a significant tech- 
nological break-through since delay in computation using 
optical or radar fixes often makes information obsolete 
because of the high speeds of modern aircraft. Further- 
more, optical ground fixes are impossible in bad weather 
and very limited at night, and search-radar fixes are not 
available over open water. Celestial navigation is dif_- 
cult, slow, subject to large human errors, and cannot be 
APN-66’s ad- 
vance over all classes of navigation systems in opera- 
tional use that employ ground-based aids (such as VOR- 
DME, TACAN, LORAN, etc.), is apparent in their lack 


used when flying through an overcast sky. 


Fig. 2. Course and position indicator displays data oul 
in airborne navigation and continuously indicates present 
position of aircraft in latitude and longitude. 


of world-wide coverage and war-time limitation due to 


their possible aid to enemy aircraft. 


Basic Principle 
The AN/APN-66 operates on the following basic prin- 


ciple. If an aircraft in motion transmits electromagnetic 
pulses to the ground, the return pulses will be slightly 
shifted in frequency due te Deppler effect. From Doppler 
shift ef pulses, the aircraft ground speed and drift angle 
(due te winds) are determined. This infermatien is cen- 
tinuously cembined with cempass heading to previde an 
instantaneous indication of aircraft positien. 


Operatien 

After the pilot flips one switch at the start of flight, 
the aircraft can be flown automatically along the shortest 
route to any desired destination. The aircraft’s present 
shown on latitude and longitude counters 
every moment of the flight (Fig. 2). The AN/APN-66 
also displays all other information needed for air naviga- 
tion, such as ground speed, drift angle, wind speed and 
direction, shortest course to destination, steering signal, 
etc. System accuracy is the best ever achieved by a global 
navigator. For instance, at the calculated end of a flight 
of several thousand miles, the pilot can look at the earth 
below and see his destination. 


position is 
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Fig. 3. Auto-Nav computer control panel contains 
switching controls for special operation in polar 
regions where there is rapid fluctuation of magnetic 
variation. 


The U. S. Air Force has flown the AN/APN-66 to all 
parts of the United States, over the North Pole, to Eng- 
land, Spain, Turkey, and Japan. The equipment operates 
successfully over all types of terrain and open seas— 
is particularly useful in polar flights where rapid changes 
in magnetic variation make fast, accurate navigation 
unusually difficult. When close proximity to the magnetic 
pole makes it impossible to use it for a reference point 
as in normal navigation, the AN/APN-66 automatically 
switches to “transverse operation”. This means the set 
makes its calculations based on a new “pole” established 
on the equator near the 180° meridian. Present position 
continues to be supplied without delay as all calculations 
involved are performed automatically and _ instantane- 
ously by the equipment. This ability may permit reduc- 
tion of the normal complement for polar flying from 
three navigators to one, 


Memory 

Memory enables the AN/APN-66 to compute and in- 
dicate accurate data even if Doppler pulse contact with 
the ground is interrupted, or if the pulsing system is 
temporarily shut off. Additional features are: (1) Any 
revision in flight plans is readily handled by automatic 
computation of the desired course to destination. (2) 
Exceptional system reliability—proven by flight records. 
(3) Equipment malfunctions can be located without 
opening any “black boxes.” Rapid maintenance is 
achieved by electronic plug-in assemblies that are inter- 
changeable. (4) Only the operator’s controls and indica- 
tors need be installed in the crew compartment. Other 
units of the system may be installed in remote locations 
in the aircraft. 
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Fig. 4. Special installation at navigator's position made 
in a B-29 type aircraft showing controls and -instrumenta- 
tion for Radar Navigation Set AN/APN-82., Provision has 
—_ made to record the navigational data photographi- 
cally. 


Applications 
The AN/APN-66 is applicable to global navigation, 
bombing, aircraft carrier operations, aircraft early warn- 
ing, map making, magnetic surveys, jet stream research, 
missile guidance, weather reconnaissance, air-sea rescue, 
in-flight refueling, and strip-film synchronization for 
aerial photography. 


Equipments 

The AN/APN-66 system consists of two equipments: 
(1) Radar Set AN/APN-81, the Doppler portion, pro- 
vides continuous measurements of ground speed and 
drift angle. (2) Navigational Computer Group AN/APA- 
95 accepts these quantities plus heading information as 
inputs and performs all the navigation and computation 
functions indicated on control box (Fig. 3). 

The AN/APN-81, with its highly-accurate outputs, 
provides an excellent foundation for building navigation, 
reconnaissance, bombing and missile-guidance systems. 


Weather Reconnaissance 

For tactical and weather reconnaissance applications, 
the AN/APN-8L is interconnected with a ground-position 
computer to form Radar Navigation Set AN/APN-82 
(Fig. 4), a smaller, lighter system providing slightly-less- 
complete navigational data than the AN/APN-66. Quan- 
tities of these smaller systems are being installed in RB- 
66 reconnaissance aircraft, and Air Weather Service’s 
WB-50 aircraft. Systems installed in B-29 and B-47 air- 
craft are being used daily to investigate the jet streams 
(high speed winds at higher altitudes which enable air- 
craft to fly with maximum tail winds or minimum head 
winds). The “wind computer” portion of the AN/APN- 
81 enables these aircraft to minimize flight time, such 
as one B-29 which traveled from Texas to Florida in less 
time than a much faster bomber which did not have a 
Doppler wind computer. The positions, speeds, and direc- 
tions of recent hurricanes have been accurately deter- 
mined by AN/APN-82-equipped planes. 


Photos courtesy of General Precision Laboratory Inc. 





Meter-Relays, VHS Relays, Simplytrol 
and Versatrol Automatic Controls, 
Panel Meters and Indicating Pyrometers 


40 PAGE ASSEMBLY PRODUCTS CATALOG 4-A 


Contents include: a 
( ) ’ 
’ 


av vewsrie 
CONTROL ole 
tater ¢ ’ 





aM. ES 
“Circuitry"—6 pages of diagrams Prone 
and text, including response time | 
tables and discussion on non-locking 
contacts. m4 


Meter eters 


Ordering information. 
Prices and detailed 
specifications for: 
Clear plastic, black bakelite and 
ruggedized-sealed styles of: 
Meter-relays 
Indicating meters 
Indicating pyrometers 
VHS Relays 


Plug-in relays, power supplies 








Meter-relays provide control 
of mechanical operations or 
chemical processes through 
alarm and automatic shut-off, 
or continuous on-off control. 
Applications include: Bearing 
temperature alarm and shut- 
off on pumps, turbines, gener- 
ators. Automatic speed controls 
for machines and conveyors. 
Computer shut-off if power 
supply voltage varies. Warn- 
ing and control in radiation 
measuring equipment and 
processes. Automatic switching 
of standby equipment in micro- 
wave communications. Continu- 
Palm Springs 76, Calif. ous control of pH. Signal detec- 
Phone: DHS 4-3133 or 4-2453) tion in radar warning systems. 
Booth 3916, 1.R.E. Shew, March 18-21, Coliseum, N.Y.C. 
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Automatic pyrometers 


Automatic control packages and 
components 

Bearing monitors 

Oven pyrometers and millivoltmeters 

Kiln pyrometers 

Shunts 

Transformers 

Write for Catalog 4-A. 
Assembly Preducts, Inc. 


Chesterland 76, Ohio 
Hamilton 3-4436 


(West Coast: P.O. Box XX, 
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POTENTIOMETERS 
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»» ACCLRACY 4G) 


INCORPORATED 
4 GORDON STREET WALTHAM 54, MASS. 








TWinbrook 4-1126 
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HIGH VACUUM 
PRODUCTS 


for the 


ELECTRONICS 
INDUSTRY 





Metavac Metallized Components, manu- 
factured by evaporating pure metals 
in high vacuum to a suitable base mate- 
rial, are highly stable, unaffected by 
humidity, controllable as to resistance, 
and are reproducible. 

The films are negligibly thin compared 
to the highest microwave frequencies; 
they are non-inductive, and their noise 
level is barely measurable. By precise 
measurement during evaporation, the re- 
sistance films are held to an accuracy of 
1% and they offer an extremely low 
temperature coefficient of resistance of 
approximately 75 parts per million per 
Degree C 


-_ © | 
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Metallized Glass Attenuator Plates 
with Metallized Eyelet. 

U. S. Gov't. approved Metallized Glass 
Attenuator plates with Metallized Eyelets 
were developed under Prime Contract 
with the Signal Corps Supply Agency. 
These elements meet Gov't Specs MIL- 
A-11052A, and are available in six 
specific sizes for use with Waveguides 
RG-48U; RG-49/U; RG-50/U; RG-51/U; 
RG-52/U; and RG-91/U. 

Other types and sizes of Attenuator 
Plates with Metavac Metallized Eyelet 
are fabricated to customer's require- 
ments. 





Waveguide Resistance Elements 


° 6% 

° eu F 
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Dise & Coaxial Resistance Elements 
METAVAC, INC., has also been a pi- 
oneer in the development of High-Vac- 
uum coatings for optics. The Lenscote 
Co., a division of Metavac, Inc., is de- 
voted exclusively to the research, devel- 
opment and production of optical coat- 
ings, in all its complex forms. METAVAC, 
INC., has a completely equipped labora- 
tory, and production facilities, staffed 
with competent research and develop- 
ment engineers specializing in the appli- 


cations of the High-Vacuum techniques. 
Your Inquires are invited. 


METAUACINE 


45-68 162ST, FLUSHING N. Y. 
* Flushing 9-8838 
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Aeronautical Electronic and 


Electrical Laboratory (AEEL) 


Illustrations are Official Photographs U. S. Navy. 


When a Lockheed WV-2 keeps her lonely vigil off 
the shores of the continental United States, or 
ranges far ahead of the fleet, she is an electronic, 
multi-eyed sentinel that gives to our defenses those 
few precious hours warning of imminent enemy 
attack, Credit for her protracted “vision” goes to 
the scientists and engineers of the Aeronautical 
Electronic and Electrical Laboratory, Naval Air 
Development Center, Johnsville, Pa. 

The AEEL was established as a component of 
the NADC in 1947, Its physical growth started im- 
mediately, for it absorbed the Aeronautical Radio 
and Radar Lab, Naval Air Magnetic Lab, the Avia- 
tion Electrical Test Group of the Naval Research 
Lab, and the Naval Research Field Station at Bos- 
ton, Mass. 

The primary mission of the AEEL is to assist 
BuAer and industry in providing naval aircraft 
with modern electronic and electrical equipment. 
The laboratory is a necessity for the continued 
preliminary study, investigation and engineering 
of electronics. So fast has been the development, 
so broad the scope of this relatively new science 


that it would be impossible to dictate production 





"Dip soldering" a set of modules. These modules, similar 
to the "tinker-toy" concept, are designed for fabrication 
by machinery instead of by hand. (See chapter one of 
"Printed Circuitry" series in this issue.) 





on a i 


Modular design laboratory reduces size and weight of 
airborne electronic equipment developed in other divi- 
sions of AEEL. Work includes engineering for use of auto- 
matic production machinery in fabrication. 


requirements to industry without first determining 
what surprising new capability can be proved feas- 
ible. The seemingly endless applications of elec- 
tronics makes it mandatory that the AEEL be 
staffed by scientists who are not afraid to dream a 
little, and engineers who make those dreams come 
true. Men of vision, electronic “vision”, literally. 

AEEL has done pioneer work in (1) miniatur- 
ization of aircraft electronic and electrical systems, 
(2) modular design, (3) printed circuitry, (4) 
100-cycle airborne electrical systems and (5) Piezo- 
electric ceramics, including the barium titanate 
transducers for sonar detection devices. 

The lab is under the direction of Capt. Alden C. 
Packard (see biography on facing page). Interest is 
divided between equipment for use under, on, and 
above the sea. 

Six divisions of the laboratory are Radar Divi- 
sion, Radio Division, Undersea Warfare Division, 
Control and Guidance Division, Electrical Division 
and Development Support Division. 





> 


A piece of electronic equipment after being re-de- 
signed by the modular design lab. Each of the 4 plug-in 
boards can be made by automatic machinery. 
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Bio-Bits 


The purpose of these short biographical sketches 
is to provide our readers with an insight into the 
lives of some of the military and scientific leaders 
now guiding the development of automation in the 
different branches of the U. S. Armed Forces. 

The editor has known and admired Captain A. C. 
Packard, USN, since first making his acquaintance 
in the South Pacific areas in 1943, when the captain 
was visiting that area as Commanding Officer of 
the Airborne Coordinating Group. The scope of his 
present responsibilities is suggested by the descrip- 
tion and mission of the Aeronautical Electronic and 
Electrical Laboratory, U. S. Naval Air Develop- 
ment Center, Johnsville, Pa., which also appears in 
this issue. 


Capt. Alden €. Packard USN 


i seal 
a 


Captain Alden C. Packard was born in Los An- 
geles in March 1906. He exhibited an early interest 
in wireless communication, earning his first “Ham” 
radio license (W6RL) at the age of fifteen. His 
first transmitter consisted of a Ford spark coil 
followed by a half-kilowatt spark with rotary gap. 
This was replaced by a UV 202 in 1922 for his 
first vacuum-tube transmitter. 

The Packard family moved to Claremont, Cali- 
fornia in 1912. Alden graduated from Claremont 
High School in 1923 and entered Pomona College, 
from which he graduated in 1927 with his BA and 
a commission as Second Lieutenant, Infantry Re- 
serve, U. S. Army. Deciding on a career in radio 
engineering, he entered Harvard University Engi- 
neering School as a graduate student, and gradu- 
ated in June 1929 with a Master of Science degree 
in Communications Engineering. Graduation was 
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accompanied by wedding bells as he married Miss 
Florence Eye, from his home town of Claremont, 
California. 

In his first job following graduation, he was engi- 
neer-in-charge of construction of a high-frequency 
ship-to-shore and point-to-point radio telegraph sta- 
tion, KYG-KGS at Kaena Point, Oahu, T. H. Con- 
tractor was Heintz & Kaufman, LTD., of San Fran- 
cisco, This station is still being operated by Globe 
Wireless, Ltd. 

He transferred from the U. S. Army Reserve to 
the U. S. Naval Reserve as LTJG USNR in 1932. 


Following completion of the Kaena Point Station, 
Al was employed, from 1932 to 1935, as radio 
engineer in the Los Angeles broadcast stations 
KMTR and KFAC, His first son, Alden H., was 
born in 1932, soon after his return to the states. 
The Packard’s second son, John T., was born in 
1933. 

In 1935, Al joined KNX/CBS as radio engineer, 
becoming Supervisor of Maintenance, CBS—Los 
Angeles, in 1936. He held this position until May 
1941, 

As a result of the Navy’s participation in the 
North Atlantic Patrol, Al was ordered to active 
duty as Lieutenant, USNR, in May, 1941. After a 
brief period in Airborne Radar with the RAF in 
Canada, he was ordered as Radar Officer on the 
staff of RADM Mullinix, USN, Commander, Patrol 
Wings, Support Force Atlantic Fleet, based on the 
USS ALBEMARLE in the North Atlantic. The 
patrol planes flown by this Wing were the Navy’s 
slow but reliable workhorses, the PBYs. The first 
two PBYs equipped with the British ASV radar to 
see service in the U. S. Navy were received by Lt. 
Packard on this duty, This radar and the American- 
built copies that came later were the only airborne 
radar equipments we had, and the PBY was the 
only Naval plane capable of carrying the two large 
YAGI antennas. These antennas were mounted un- 
der the wings on each side of the fuselage (the first 
two planes had Sterba curtain antennas mounted 
on the hulls). 

Shortly after the Jap attack on Pearl Harbor, Lt. 
Packard was ordered to a series of short duty as- 
signments at several Naval Air Stations. His first 
assignment was Assistant Radar Officer, NAS, Nor- 
folk; next Radar Officer, NAS, Alameda, in Febru- 
ary, 1942; then Radar Officer, NAS, Coco Solo, 
Canal Zone, in June, 1942, In these tours his mis- 
sion was organizing a Radar Division, installing 
equipment and training maintenance technicians 
and operators. The last of these transfers was to 
the Naval Air Station, Quonset Point, R. I., in 
August, 1942. Here the Navy’s first X-band air- 
borne radars, the ASD, were installed in PY-2 air- 
craft for European service. This tour lasted nearly 
a year. 

During this period airborne radar problems were 


building up in every theater and grounding too 
many planes. Much electronic equipment was being 
installed before development was completed. Be- 
cause of the speed with which improved radars 
were being developed and produced, personnel sel- 
dom could be trained on the type of equipment 
they were to receive and maintain in the fleet. 
There were too few factory-trained engineers to 
supply all places where they were needed. Some- 
thing had to be done to save the situation. 

This “something” was accomplished by the Air- 
borne Coordinating Group, Naval Research Labora- 
tory, Washington, D. C., to which LCDR Packard 
was ordered as Commanding Officer in July, 1943. 
This organization of technically-trained officers and 
contract civilian engineers was available at a mo- 
ment’s notice for on-the-spot assistance in installa- 
tion, trouble-shooting, maintenance or training any- 
where in the world. Here was plenty of scope for 
Al’s energy, ingenuity, training and leadership. The 
Airborne Coordinating Group did such an outstand- 


‘ing job that in 1946 CDR Packard was awarded 


the Legion of Merit for this duty. 

In October, 1946, he transferred to the Regular 
Navy with the rank of Commander, USN. Post-war 
developments in avionics were multiplying, and in 
January, 1947, CDR Packard reported to the Elec- 
tronics Division, Bureau of Aeronautics, as Head 
of the Guided-Missile Guidance Branch. During 
this tour he also served as Assistant Director for 
Design, later as Deputy Division Director, Elec- 
tronics Division, Bureau of Aeronautics. 

In August, 1950, he reported to the U. S. Naval 
Air Missile Test Center, Point Mugu, California, 
as Director of Test. During this period, for the first 
time in history, a drone aircraft was destroyed by a 
direct hit from a Lark missile. The first intercepts 
by an air-launched missile were also made. Another 
promotion came iy January, 1951. In 1953 Captain 
Packard returned to the Bureau of Aeronautics, 
serving on the staff of the Assistant Chief of the 
Bureau for Research and Development. During the 
last year of this tour he was Executive Director, 
Research and Development, under RADM William 
A. Schroech. 

In September, 1956, Captain Packard reported to 
his present duty as Director, Aeronautical Elec- 
tronic and Electrical Laboratory, U. S. Naval Air 
Development Center, Johnsville, Pennsylvania. 

Captain “Al” Packard still finds time to practice 
his hobbies of hunting, fishing and photography. 
His amateur radio call is now W3AA, and he holds 
a private airplane pilot’s license, as befits a captain 
in the naval air arm. Son Alden H. is married and 
has just finished a hitch in the U. S. Army, Son 
John T., also married, is now finishing his flight 
training in the U. S. Air Force. 
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Excerpts from important 
manufacturers’ literature 


Infrared Weapons Systems 


An infrared detection system finds its target 
without producing energy to betray its own posi- 
tion, The hot exhausts of more powerful engines 
and higher skin temperatures from greater speeds 
are the factors which make even the smaller, mod- 
ern aircraft vulnerable to detection by an infrared 
system. 

Guided missiles, with their low total skin area 
cannot escape discovery by an infrared system. In- 
frared is concerned with total radiation . . . it is 
not solely dependent on the size of the target. 


Countermeasures 


. . . A complete radiation laboratory, suitable for 
mounting in bomber type aircraft, the AIM system 
detects intruding aircraft and supplies the following 
information under all flying conditions: 

e gathers quantitative data on energy radiated 
from missiles and jet aircraft in flight 

e analyzes the spectral distribution of energy of 
airborne targets 

¢ determines spectral characteristics of airborne 
targets 

e records this information in immediately visible 
stripchart form 


Reconnaissance 
Effective day and night, in clear or foul weather, 
high-speed infrared reconnaissance systems cannot 
be jammed by electronic countermeasures. 





Nor can these systems be blinded by camouflage, 
for the infrared radiation generated by the enemy’s 
own cities and industrial sites provide the means 
for their detection. 


As an illustration of the sensitivity of these sys- 
tems, the infrared detecting component, installed 
in a reconnaissance airplane, can register the 
amount of radiation that is emitted by a vehicle on 
the ground below. 

Completely passive, there is no danger that the 
infrared reconnaissance system will reveal its posi- 
tion or source, 


Guided Missiles 


Guided by infrared detection during the terminal 
phase, a missile seeks out the target by literally 
feeling its warmth. Targets such as steel mills and 
factories in operation, moving trucks and cars, air- 
craft and other missiles in flight, and ships at sea 
are heat sources which transmit greater infrared 
radiation than the normal emissivity of the sur- 
rounding environment. 


Bombing 
These infrared systems . . . provide automatic, 
precise, tracking of a target. Once locked on its 
target—moving or stationary—the infrared sys- 
tem’s computer directs bombing operations to pin- 
point precision. 


Fire Control 

Because infrared radiation is transmitted by any 
medium—air, water, or solids—it forms the basis 
of a universal fire control system for aircraft arma- 
ment, surface weapons, and ground artillery. The 
infrared fire control system does not rely on sep- 
arate systems for information gathering. (From 
new 8-page Bulletin 1R-9902-56, Servo Corp. of 
America, 20-20 Jericho Turnpike, New Hyde Park, 
Kady FE s) 
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E 101 Computer 


The instruction symbols used for the E 101 pro- 
gram language are those with which everyone is 
familiar (+, —, X, +, P for print, R for read 
from storage, etc.) There are no confusing code 
numbers or symbols to memorize. There is no 


language barrier between the people who have the 
problem and the E 101 computer method of solving 
it. 
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Step-by-Step "'slide-rule” instructions make program 
for the E 101. A typical instruction consists of | pin 
in Area +1, and 2 pins designating memory loca- 
tion in Areas #2 & +3, in a single line. 


When you have written down the step-by-step 
instructions which you would give a desk calculator 
or slide-rule operator to solve a problem, you prac- 
tically have the E 101 program for that problem. 
The instructions to the E 101 are expressed by the 
positions of removable pins placed in the novel pin- 
board units. A typical instruction consists of a pin 
for the operation to be performed, and two pins 
designating memory location. 

Lowest in price of all general purpose electronic 
digital computers, the E 101 is designed to solve 
those problems that are too complex for efficient 
solution on desk calculators, and yet are too small 
for economical solution on giant “brains.” What's 
more, it opens the door to answering problems 
whose answers are merely guessed at today. (From 
new 8-page Bulletin EDP 103, Burroughs Corp., 
Computer Section, 1616 Walnut St., Phila. 3, Pa.) 
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Miniature 
Motor-Gearhead-Clutch 


The high-performance 400-cycle servo unit oper- 
ates directly from either a 115-volt or 26-volt line. 
The motor and the gearhead are enclosed in a 
common housing. This design minimizes alignment 
and assembly problems and results in a substantial 
reduction in size and weight. Servomechanisms’ 
universal gearhead design makes a wide variety of 
gear ratios more readily available without changing 
the basic configuration. 
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The motor-gearhead can be supplied, at no in- 
crease in length, with an integral slip clutch to 
protect gearing and loads. The use of the slip clutch 
as a control element is especially important when 
one is confronted with the high stall torques result- 
ing from the use of high gear ratios. The overall 
unit, which is 154” maximum in length, is com- 
pletely encased in an aluminum housing to give 
minimum weight and minimum temperature rise. 
It is designed to meet the requirements of MIL-E- 
5400. (From new 2-page New Product Release, 
Servomechanisms, Inc., Mechatrol Div., 625 Main 
St., Westbury, L.1., N.Y.) 
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*NONSTOP B-52 EPIC 
FLIGHT to the North Pole 
and back, Nov. 25th, 1956 








EQUIPMENT MUST 
BE *NONSTOP TOO... 





DuKane electronic devices flew with 
the SAC in this record-breaking. sig- 
nificant flight to the North Pole, prov- 
ing the great endurance of our air 
force’s striking power! Proof, too, of 











the endurance of equipment . . . testi- 
mony to the vital part being played by 
DuKane assemblies in military elec- 


tronics where nonstop performance is 


a must! 


Key manufacturers of equipment for 


the military will find alert develop- 


ment and complete production facili- 


ties at DuKane . . . pioneer electronics 


specialists and a major supplier to all 
the armed forces. Write or call Gov- 
ernment Division, Dept. E-1, DuKane 


















Corporation, St. Charles, Illinois. 


UKANE 


CORPORATION 
St. Charles, Illinois 


® pioneer electronics 


specialists and man- 
ufacturers of SOUND 
SYSTEMS, ALARM 
SYSTEMS, INTERCOM 
SYSTEMS, TELE- 
PHONE SYSTEMS, 
AUDIO-VISUAL DE- 
VICES for indoctri- 
nation and training. 
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one complete manual 
of commercially available 


instrumentation products 


quick reference to more than 2,000 
product headings together with names 
and addresses of the manufacturers of 
these industrial and scientific instru- 
ments, accessories, and components. 


Distribution of the IGA HANDBOOK & 
BUYERS’ GUIDE is limited to Instruments and Automa- 
tion subscribers. It is issued annually. 


tation, plus 


literature 


Automation, 
3 years at $9, or for 5 years at $10. 


8 to 10 feature articles 

news of plants and personalities 
a dozen unique applications items 
150 or more new product reviews 


200 reviews of manufacturers’ 







You can receive this manual of instrumen- 
twelve monthly issues of Instruments and 
by subscribing to IGA for one year at $4, 


The balanced coverage of an average issue 


of Instruments and Automation includes: 
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Order for Your Instrumentation Library 
+ The Automatic Factory. By S. A. June & Others. Cloth, 88 











pages, illustrated. 1955. $1.50 
. Process Control. By A. J. Young. Cloth, 134 pages, illus- 

trated. 1955, $2.00 
. Introduction to Process Control System Design. By A. J. 

Young. Cloth, 398 pages. 1955. $6.00 


. Process Control Analysis. By M. H. LaJoy & E. A. Baillif. 
Cloth, 72 pages. 1956. $2 
. The Computer Handbook (2nd Ed.). Clinic presentations of 
the Second Computer Clinic. Paper, 72 pages. 1956 ........ $2.00 
- Applications of Industrial pH Controls. By A. L. Chaplin. 
Cloth, 144 pages. 1950. $2 
. Heat Inertia Problems of Automatic Control of Temperature. 
By Victor Brodia. 1950. $1.00 
. Scientific & Industrial Glass Blowing & Laboratory Technique. 
By W. E. Barr & V. J. Anhorn, Cloth, 380 pages, illus- 
trated. 1949. ..$6.00 
. Electronic Circuitry for Instruments & Equipment. By M. H. 
Aronson, Second Edition now in preparation ............ccccseese $4.00 
. The Electronic Control Handbook. By R. Batcher & W. 
Moulic. Paper, 244 pages. 1946. ..$2.00 
- Elementary Engineering Electronics. By A. W. Kramer. Cloth, 
340 pages. 1945. .......... $1.00 
. The Computer Handbook, Edited by M. H. Aronson. Paper, 
56 pages. 1955. igs ae 
. Maintenance & Servicing of Electrical Instruments. By James 
Spencer. 3rd Edition. 1951. <naicericaaee 
. Operation & Care of Circular-Scale Instruments. By James 
Spencer. Cloth, 90 pages. 1949. 
. Mechanical Measurements by Electrical Methods. By H. C. 
Roberts. 2nd Edition. 1951. ..$2.00 
. Nuclear Reactors for Industry and Universities. Edited by 
E. H. Wakefield. 1954, . 
. A Romance in Research—The Life of C. F. Burgess. By 
A. McQueen with Technical Appendix by O. W. Storey. 
Cloth, 430 pages. 1951. _ $2.00 
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INSTRUMENTS & AUTOMATION 
845 Ridge Avenue, Pittsburgh 12, Pa. 


Gentlemen: 


So that I may receive The Annual IkxA HANDBOOK & 
BUYERS’ GUIDE, please enter my subscription to Instruments 
and Automation for one year at $4 


C) | prefer 3 years for $9. CD | prefer 5 years for $10. 
C1) Check enc. DO Bill ‘ 
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Address: Home [] 
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Baciaaed 16 Gessissccscassecs for copies of the following books (list 
by number opposite book titles) : 

Quantity Book No. Quantity Book No. 















































Brew Delay Lines 





+ 
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we ee ee 


Distributed Constant 
Lumped Constant 


Ultrasonic 





» 


Here are some reasons 
why you can be sure your 
requirements will be 
fully satisfied when you 
come to Brew for delay 
lines: 





custom built to your specifications 

wide experience in all type lines 

advanced packaging techniques 

special manufacturing and testing procedures 
modern facilities and skilled personnel 
exacting quality control 

continuous research and development program 


Send us your specifications or send for Cata- 
log 54 giving the complete Brew story. 


C BREW) Richard D. Brew and Company, Inc. 
ee wap 


Concord, New Hampshire 
i design - development manufacture 
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LET'S KEEP IT CLEAN! 






GWw-5 


TWO MODELS OF ULTRASONIC CLEANING 
EQUIPMENT AND THE FACILITIES OF A CHEM. 
ICAL RESEARCH LABORATORY MAKE IT POS- 
SIBLE FOR US TO OFFER YOU A COMPLETE 
PROCESS PACKAGE TO SOLVE YOUR DIFFI- 
CULT CLEANING PROBLEMS AND WE CAN 
GO ON FROM THERE IF YOU'LL INVITE US TO 
SIT IN YOUR GUEST CHAIR TO MAKE SUGGES- 
TIONS. 


THE BAKER COMPANY, INC. 
Maplewood, Maine 
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Lit-Bits—continued 





Automatic 
Collision Prevention 


Development of electronic equipment to prevent 
aircraft midair collisions has been given a top pri- 
ority by Collins following the Air Transport Asso- 
ciation announcement Sept. 14 that Collins had the 
“most satisfactory” of several manufacturers’ pro- 
posals, 

The Collins plan proposed development of an 
interim equipment to warn the pilot of the presence 
of any aircraft dangerously close to his own. A 
more comprehensive equipment to follow this ini- 
tial development will automatically determine if a 
nearby aircraft is on a collision path and advise 
the pilot of the evasive action to take. 

Collins expects to have the detection device or 
“Proximity Indicator” available to the airlines in 
1958, with the “Collision Detection and Avoidance” 
equipment ready the following year. The Phase II 
research is being conducted concurrently with 
Phase I development. 

The proximity indicating equipment . . . will 
provide two functions. The first function is to de- 
tect and display aircraft that enter the flight plane 
(within an included vertical angle of 15 degrees) 
in any of the four quadrants: fore, aft, left or right 
of the aircraft. For this phase of the operation, 
maximum ranges of either 800 feet or two nautical 
miles can be selected. 





Proximity detector warns if space within 800-ft 
sphere or in any 2-mile 15° quadrant is violated. 


In addition to the quadrant detection, the equip- 
ment will detect and display an aircraft that comes 
within 800 feet in the hemisphere above or the 
hemisphere below the aircraft. This will be dis- 
played to the pilot by lighted lamps that indicate 
whether the intruding aircraft is above or below 
the flight plane. The equipment will give additional 
warning if another aircraft enters the opposite 
hemisphere from the one displaying a warning. 
The indication will continue until the object either 
goes beyond the 800-foot radius or is within a 
minimum distance of 400 feet of the center of the 


aircraft, when the 400-foot warning lamp will light. 
This indication will continue until the object goes 
beyond 400 feet or is within a minimum distance of 
200 feet. This minimum is necessary to prevent the 
indication of the aircraft’s own wingtips or tail 
extremities. (From 24-page issue of “Collin’s Sig- 
nal”, Vol. V, No. 4, Collins Radio Co., Cedar 
Rapids, lowa.) 
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Pilot Saver 

Hurtling along at 600 miles per hour, the pilot 
shot a glance at the red warning light on his panel: 
his engine was on fire. He well realized he had 
only seconds to bring the fire under control—or to 
bail out. Working feverishly, he swiftly followed 
condition reflexes to localize the emergency. Then 
he cut his engine, removed his flight gear, and 
stepped out of the cockpit .. . 

He stepped out onto the ground, next to his F- 
86-K Sabrejet electronic flight simulator. Another 
life saved . . . another plane worth a million and 
a half dollars preserved. 





It costs the Air Force approximately $550 to 
keep a four engine transport plane in the air for 
one hour. But for $46 an hour, pilots can “fly” the 
very same plane right on the ground—and have 
the same experience they would receive in the air. 
At one Air Force training base over four million 
dollars a year of your tax money is saved by the 
use of electronic flight simulators. 

By introducing a series of emergency conditions 
into a single training flight, the simulators develop 
conditioned reflexes in pilots and crews on a vastly 
accelerated schedule . . . Too, the real aircraft can 
be earning its keep in the air while more pilots are 
learning to fly it “on the ground.” 

Simulators and trainers also provide instruction 
for air crewmen in the operation of radar, elec- 
tronic countermeasures, magnetic anomaly detec- 
tors, sonar, sonobuoys, and armaments systems— 
the highly complex equipment which is the normal 
complement of today’s aircraft. (From 36-page is- 
sue of “Wheels”, Vol. 11, No. 8, ACF Industries, 
Inc., 30 Church St., New York 8, N.Y.) 
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SMALLER “POT” 


Iry these for size and reliability... 


Series LT 7s 


Series RT/RTS 7 


Waters miniature and micro-miniature 
wire-wound precision potentiometers 


are famous for accuracy, ruggedness, dependability and fast delivery in 
commercial and military uses. They are precision-machined, with anodized 
aluminum bodies, line-reamed phosphor bronze, ball or jewel bearings, 
centerless-ground stainless steel shafts, and gold-plated fork terminals; fully 
sealed and fungus-proofed. To meet your requirements Waters pots can be 
furnished ganged, tapped, servo or bushing mounts, with various electrical 
and mechanical angles, optional shaft locks, anti-rotation pins, 0 rings, and 
custom shaft or servo dimensions. 


Series AP V2 — 2 watts continuous 
at 80°C; resistances 10 to 100,000 
ohms, 5% tolerance standard; diam- 
eter 42”, depth %2” standard, weight 
Y% ounce; fully sealed for potting. 


Series LT/LLT % — One watt at 
80°C; resistances 100 to 100,000 
ohms, ball or jewel bearing, for use 
in computers, servos, and selsyns 
where minimum torque is required. 
Weight is only % ounce; MAXI- 
MUM torque is 0.01 inch-ounce per 
section. Ganging to six decks, inter- 
nal clamps hold %” diameter. Stand- 
ard linearity 0.5%, on special order 
0.25% above 1K; toroidal winding 
allows winding angles to 360°, stand- 
ard is 354°. 


Series RT/RTS / — 3 watts con- 
tinuous at 80°C; resistances 10 to 
100,000 ohms; diameter %”, depth 
¥%”, weight % ounce; standard lin- 
earity 2%. 


Series APIs — 4 watts con- 
tinuous at 80°C; resistances 10 to 
150,000 ohms; diameter 1%”, depth 
¥2”, weight less than % ounce; stand- 
ard linearity 1%. 


Waters has advanced facilities for 
the design and manufacture of min- 
iature toroidal potentiometers and 
windings for use in equipment of 
special design. 


Write today for complete informa- 
tion on all Waters potentiometers. 


APPLICATION ENGINEERING OFFICES 


IN PRINCIPAL CITIES 


AJ la A es % és 
Wayland, Massachusetts 


Box 368, So. Sudbury, M 
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Army Guided Missiles 


Missiles are designated according to the jobs they 
perform. Surface-to-surface missiles are launched 
against targets on the earth’s surface including 
enemy troop concentrations, factories and other in- 
stallations of value to an aggressor, Surface-to-air 
missiles are launched against enemy aircraft. The 
anti-missile missile is a weapon for defense against 
other missiles. 

1. Army surface-to-surface missiles now opera- 
tional or soon to be operational include Corporal, 
Honest John, Little John, Lacrosse, Dart, Redstone 
and Jupiter. 


ORES Ait ae 


= | SRE 


2. Army surface-to-air missiles include Nike I 
and Nike B. An operational defense weapon, Nike 
is guarding against any airborne targets which 
might be encountered today or in the near future. 
Nike is generally dispersed around a number of 
important cities and industrial centers in this 
country. 

3. Today, Army Ordnance has underway an 
aggressive anti-missile program; hardware compo- 
nent development has been initiated on those com- 
ponents on which success of the system will depend. 
(From new 20-page Bulletin 56SD182, Information 
Office—Marketing, Missile and Ordnance Systems 
Dept., General Electric Co., 3198 Chestnut St., 
Phila. 4, Pa.) 
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Minature Pressure 
Transducers 
for operation to 


Temperature compensated 
over 465°F. interval 


a4 


ney F. thermal coefficient of 
sensitivity from —65° to +-400°F 


0.01% fs/°F. thermal zero shift 
from —65° to +-400°F 


No cement or resin pressure seals * 
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Statham unbonded strain gage 
transduction 


Minimum response to vibration 
fo] ae Teter -1a- hated) 


Pressure adapters for closed 
line applications 


co 4 Sab 


When the transducer is a 
Statham, pressure 
measurements at elevated 
temperature are made with 
accuracy and confidence. 
Complete specifications available upon request. 


Please wire or telephone us collect 
whenever we may be of service. 


LABORATORIES 3 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 
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Jets Controlled in Time-Space 

In this latest Raydist Airplane Guidance Sys- 
tem, F-84 Fighters are controlled over a path 
of 200 miles so accurately in speed and track 
as to arrive within 250 ft. or less of the desig- 
nated target position at the proper instant. This 
precision is achieved with an essentially auto- 
matic indication which is as simple as an ILS 
indicator for the pilot to follow, In the Raydist 
system two fixed receivers compare the phase 
change between a signal transmitted from the 
plane and a signal from a fixed ground trans- 
mitter. A short baseline between the two fixed 
receivers establishes a set of radial lines or 
“lanes” one of which would pass through any 
desired target point. Any deviation from this 
line produces a change in phase angle which is 
transmitted as an audio tone centered at 200 
cycles over UHF radio to the plane. This signal 
is used to operate a left-right cross pointer in- 
dicator, By adding a third receiving station the 
position of the plane along its lane will be rep- 
resented by continued phase changes in a set 
of “Progress” signals, and a comparison be- 
tween this “progress” signal on one flight at 
a certain time after takeoff and the “progress” 
signal generated by a subsequent plane at the 
same position will show no difference. Accord- 
ingly each plane is “paced” against a “phantom 
craft” which consists of a precision tape re- 
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cording of the phase signal from a previous 
“model” flight. The difference between the tape 
and the received signals is again transmitted 
as an audio modulation of a 1100 cps center- 
frequency to give a fast-slow indication which 
operates the horizontal pointer. Ampex Cor- 
poration engineers solved the very precise re- 
cording problem. The pilot only has to keep 
his “right-left” and the “fast-slow” cross point- 
ers centered. 

During training all pilots showed marked im- 
provement during first runs. A Navy plane 
equipped only with a Raydist transmitter but 
having no indicating equipment was talked 
over the range with surprising accuracy by a 
pilot watching cross pointers at the master 
station. Several mobile stations can operate 
simultaneously from the one set of ground 
stations. 

The new Plane-guidance system is the latest 
addition to the Raydist family of electronic 
navigational systems for aircraft and marine 
use. Highest accuracy at the long distances 
used, minimal use of electronic frequencies, 
wide area coverage, freedom from weather or 
atmospheric conditions, and high dependability 
with minimum equipment and personnel re- 
quirements are some of the previously claimed 
advantages of the Raydist system over radar 
or Loran systems of navigation. To these is 
now added precision in time-space control at 
jet-plane speeds. Also, the form in which the 
control data appears at the master station is 
most readily automated. This development 
might provide a technical break-thru which 
will go far in solving the growing air-traffic- 
control problem.—Hastings-Raydist, Inc., 
Hampton, Va. 
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TEMPERATURE 
CONTROLLER 


New “Type F56 Remote Bulb Tem- 
perature Control” is a wide-range un- 
calibrated skeleton unit designed for 
use in ovens, incubators, etc., where 
space or weight is a limiting factor. 
Basic components: control head with 
attached bellows, bulb, and capillary 
tube that connects bulb to bellows. 
Models of “Type F56” are available 
with a span of 200 F° between limits 
of —150°F and 150°F or 70°F and 
370°F; or with a span of 500 F° be- 
tween limits of 100°F and 650°F. On- 
off differential is about 1 F° or 2 F°. 

Choice of switches: normally-open, 
normally-closed, or double-throw with 
no neutral position—United Electric 
Controls Co., 85 School St., Water- 
town, Mass. 
le 202 on inquiry card 
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SEQUENCE CONTROLLER 


New “Bulletin 102 Type AL Ro- 
tating Cam Limit Switch,” for pre- 
cise synchronization of multiple op- 
erations, has 15-amp contacts; fea- 
tures positive micrometer screw ad- 





8523 


justment of each individual switch 
mechanism in relation to its cam. 
This adjustment can be made with a 
serewdriver, from outside, while 
switch is in motion. Made in three 
standard sizes accommodating up to 
five, nine, or twelve individually-ad- 
justable cams. Contact assemblies can 
have two sets of contacts. Speed limit 





For more information on 
the manufacturers’ prod- 
ucts, circle number on in- 
quiry card facing inside 


back cover. 











100 rpm.—Clark Controller Co., 1146 
E. 152nd St., Cleveland 10, Ohio. 
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ELECTRONIC HYGROMETER 


New “Model 901 Electronic Dew 
Point Hygrometer” weighs 24 Ib, is 
for use as an air-borne instrument 








on 115-v 400-cps power; can be sup- 
plied for use on 115-v 60-cps for use 
in labs, wind tunnels or for control 
of industrial processes as well as 
meteorology. Dew-point temperature 
can be measured from —50°C to 18°C 
with accuracy of 1 C° at pressure of 
+ or —% atmosphere with sample 
flow rate of 500 to 2,000 cc/min. Prin- 
ciple: a first surface mirror is cooled 
by COs acetone bath and heated by an 
induction coil. A light source, two 
photocells and an electronic system 
preserve balance between cooling and 
heating. Dew-point is read when thin- 
nest observable dew forms upon 


mirror.—Burton Mfg. Co., Santa 
Monica, Calif. 
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PROGRAM CONTROLLER 


New Sequence Timer features six 
separately-operating wipers on five 
shafts, operating at different speeds: 








three are relay-actuated and three are 
constantly-rotating intervalometers. 
Relay-actuated wipers are connected 
to clutch plates kept from rotating by 
a relay-operated ratchet. When a 
pulse is received by relay, ratchet is 
pulled, thereby permitting clutch plate 
and wiper to make one revolution. 
Switches handle currents up to 6 amp 
at 28 vde, will withstand 1000 v. In- 
strument will stand 20 G or higher. 
—Motronics Corp., 241 Concord-St., 
Glendale 3, Calif. 
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MILITARY AUTOMATION 
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MULTI-CONTACT RELAY 


New “Type 9” miniature telephone-type 
multi-contact relay for aircraft, missiles, 
computers, etc., has features comparable to 





“Type 8”; measures 1549” long by 2540” wide 
(height depends on number of springs); is 
also available as a hermetically sealed unit 
measuring 2%” x 15%” x 1” overall. Coil: 
de only single or double wound; resistance 
up to 14,000 ohms; maximum dissipation 3 
watts; contacts: forms A, B, C or D 
(AxB); wide choice of contact materials: 
maximum of 18 springs (9 per pile-up).— 
Phillips Control Corp., Joliet, Illinois. 
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MAG-AMP BUILDING BLOCKS 


New “Maximag” magnetic amplifier cir- 
cuit components can be used to assemble 
any of the well-known basic circuits for 





fast response and high gain; are available 
in up to 300 watts capacity; meet MIL 
specs. Three basic sizes cover 1.5 to 300 
watts, 60 and 400 eps. Largest unit (300 
watts at 400 cps) measures only 4%” H by 
216” D.—Adler Electronics, Inc., 1 LeFerve 
Lane, New Rochelle, N. Y. 
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A-M RADIO RECEIVER AND 
CONELRAD MONITOR 


New “Alert Monitor” is a low-cost AM 
radio receiver which, by the flick-of-a- 
switch, becomes an automatic warning de- 
vice in case of an enemy air attack. Its dual 
function makes it ideally applicable for all 
transmitter operations required since Jan- 
uary 2, 1957 to provide facilities for receiv- 
ing CONELRAD alerts and for banks, schools, 
theaters, hotels, and other public gathering 
places as an advance warning system of an 
impending enemy attack. When switched 
to NORMAL position, new monitor is tunable 
to any radio station within range in AM 
broadcast band (540 to 1620 ke). In 
CONELRAD position, receiver is inaudible but 
becomes activated when a CONELRAD alert 
has been initiated. Designed for continuous 


operation, new monitor provides radio sta- 
tion operators with a reliable alert system 
which will not cause intermixed and con- 
fusing transmissions, or distractions from 
regular broadcast procedures. It weighs 4% 
lb; is 12” wide by 6” deep by 7” high.— 
Mobile Communications Sales Dept., Allen 
B. Du Mont Laboratories, Inc., 760 Bloom- 
field Ave., Clifton, N. J. 
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THERMOMETRIC SYSTEM 


New “TME” compact and rugged air- 
borne multichannel temperature instru- 
mentation system is designed to operate di- 





rectly into airborne telemetering and mag- 
netic tape systems, with maker’s special re- 
sistance type primary elements (available 
in many types). Models are offered in 7-, 
14- and 20-channel capacity. “TME” con- 
tains two precision mag-amp type regulated 
de power supplies, series connected with 
common neutral, for excitation of resistance 
elements in half-bridge circuitry; balance 
and attenuation controls for each channel. 
System stability is within 1% throughout 
MIL-E5272A environment.—Arnoux Cor- 
poration, 11924 West Washington Blvd., Los 
Angeles 66, California. 
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PRESSURE PICKUPS 


New pressure “Synchrotel Transmitters,” 
for use in high-speed aircraft and guided 
missiles are lighter (weight about 1 lb), 





more compact, and have far less internal 
static volume than previous Kollsman mod- 
els. This smaller volume results in signif- 
icantly better response time, whence high- 
er dynamic accuracy, further aided by more 
precise calibration and better temperature 
compensation.—Kollsman Instrument Corp., 
80-08 45th Avenue, Elmhurst 73, N. Y. 
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4,000 HANOVER EXHIBITORS 
ACCOUNT FOR 83% 
OF GERMAN EXPORTS! 


Featuring the newest in 
Consumer and Industrial Goods: 
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GERMAN Weighing Machines 
INDUSTRIES edie 
F AIR Mechanical, 


Optical and 


Automatic Metering Devices 


Photographic 

APRIL 28—MAY 7 Instruments 

HANOVER and Gauges 
Etc. 


For information, free fact-filled pamphlet, tickets, hotel reservations 


GERMAN-AMERICAN TRADE PROMOTION OFFICE 
350 Fifth Avenue, New York 1, N. Y. 
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“Covers over 600 sources from 1832 to 1946 classi- 
fied under 16 headings . . . invaluable to workers 
in flow . . . well-ordered cross reference .. . cOv- 
ers literature of many countries . . . will cut labo- 
rious research .. .” 


A Bibliographical Survey of 
FLOW THROUGH ORIFICES AND 


PARALLEL-THROATED NOZZLES 


By T. H. REDDING 


published by Chapman & Hall, Ltd., London 
cloth, 197 + x Pp., illus., appendix w/92 terms, 
author index 


distributed in America exclusively by Instruments 
Publishing Co. 


$6.00 Postpaid 
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New Products—Cont. 








SUBMINIATURE SERVOMOTOR 


New “SM-58” said to be “smallest 
standard unit now available,” weighs 
under 1 oz; features extremely high 





torque to inertia ratio; operates on 
26 v 400 cps with a control voltage 
range of 0-26. Typical character- 
istics include 2.5w input; 0.1w out- 


put; 0.063 oz-in stall torque; 8800 
rpm no load speed; 0.00038 oz-in? 
rotor inertia; and 64,000 rad/sec? 


theoretical accelerations at stall; am- 
bient range —75°F to 200°F.—Com- 
ponent Sales, Ford Instrument Co., 





Div. of Sperry Rand Corp., 31-10 
Thomson Ave., L.I.C. 1, N.Y. 
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POWER RECTIFIERS 


New line of selenium power recti- 
fiers is especially suitable for special 
applications such as lab and test pur- 
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poses, radiation detection equipment, 
magnetic amplifiers, electrostatic air 
cleaners and for guided missile appli- 
cations. Rectifier cells range in size 
from 1” x 1” to 5” x 6” and with con- 
vection cooling are rated from 0.18 
to 10 amp per cell on a single-phase 
full-wave bridge basis. Featured in 
new rectifier is “solid stack’? assem- 
bly in which all mounted parts are 
under constant pressure provided by 
end springs, whence utmost rigidity 
and maximal protection against scrap- 
ing or chipping seal. To retain utmost 
rigidity, cells 4” x 4” and over are 
made with square mounting holes and 
are mounted on square tubing.—Un- 
ion Switch & Signal Div., Pittsburgh 
18, Pa. 
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AIR NAVIGATION SYSTEM 


New lightweight (150-lb) com- 
pletely self-contained airborne elec- 
tronic navigator eliminates manual 
navigation problems for pilots of jet 
fighters who, when operating at to- 
day’s speeds and ranges, have little 
margin for navigational error; can 








Air 
Navigation 
System 


New “Bendix-Decca” is of area cov- 
erage type; operates on low-frequency 
radio waves (about 100 KC), thus is 
usable behind hills, in valleys, be- 
yond line-or-sight and below curvature 
of earth. Good reception and high 
accuracy from ground level to high- 
est altitudes make system “ideal for 
helicopter as well as fixed-wing use.” 
System operates by transmissions 
from a master station and three slave 
stations, yielding a network pattern 
of hyperbolic waves which occupy 
precisely-known and stable geogra- 
phic positions. Location of aircraft is 
automatically and instantaneously 


For more information circle 213 on inquiry card. 





displayed on a chart by a moving 
ink stylus. Accuracy better than 25 
yards under normal conditions at dis- 
tances of up to 50 miles from trans- 
mitting stations. System is designed 
for short- and medium-range naviga- 
tion. yA similar system, called “Dec- 
tra,” has also been developed for 
long-range use. A pilot, with one set 
of receiving equipment aboard his 
aircraft, could use the “Decca” after 
takeoff and during approach to his 
terminal area and “Dectra” while fly- 
ing at his selected cruising altitude.— 
Bendix Pacific Div., North Hollywood, 
Calif. 








also serve as a new navigational aid 
for longer-range aircraft, including 
commercial airliners. It does not de- 
pend upon any form of ground in- 
formation or control; can navigate a 
plane between any two points on 
earth’s surface; provides pilot at ail 
times with an indication of his pres- 
ent position, along with course to 
fly and distance to destination. Be- 
fore takeoff, pilot need only set into 
system the longitude and latitude co- 
ordinates of his departure point and 
his destination. Upon reaching his 
destination, or target, pilot need only 
set in new point of departure and 
destination coordinates for system to 
pilot his return course. Main com- 
ponents: a Doppler radar unit, an 
earth’s rate directional heading refer- 
ence unit, a miniaturized electronic 
computer, and pilot’s indicators.— 
Light Military Electronics Dept., 
General Electric Co., Syracuse, N. Y. 
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SELENIUM RECTIFIERS 


New “Selenium Slim” rectifiers fea- 
ture higher reverse voltage rating per 
cell stamped from a new thinner base 
material, as compared to previous cell. 
New cell has a reverse voltage rating 


of 33 v rms and is about 20% thinner 
than previous cell. Selenium tubular 
rectifiers for high-voltage low-current 


: safe —— 81/18" 








applications are available in physical 
cell sizes from %” to %” dia and are 
rated 1.25, 2.5, 5, 10 and 20 ma de 
per cell, in half-wave circuit using a 
capacitor input filter—Union Switch 
& Signal Div., Pittsburgh 18, Pa. 
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MINIATURE INDICATOR 


New “HCM 1%” aircraft electrical 
indicating instrument features dual 
display in a case 1 9/32” OD by 2” 
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long; has application wherever two 
functions must be clearly displayed in 
minimal space, under severe temper- 
ature, shock and vibration conditions. 


MILITARY AUTOMATION 
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Mounting: AN 5808 type clamps. 
Available in all ranges normal to de 
moving-coil instruments, weight 4 oz. 
—-Marion Electrical Instrumen* Co., 
Grenier Field, Manchester, N. H. 
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HI-TEMP COAX CABLES 


New extra-tough Teflon coaxial 
cables will operate successfully in 
enviromental temperatures from 


RG 142/u 





—100°F to 500°F; are impervious 
to moisture and exhibit consistent 
electrical and physical properties over 
their entire operating range.—Com- 
ponents Div., Federal Telephone and 
Radio Co., 100 Kingsland Road, Clif- 
ton, N. J. 
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TWIN TRIOD 
New “6829” 9-pin » 
miniature medium-mu © 
TT is first in a line of ~ 
“5-Star” high-reliabili- — 
ty computer tubes for © 
services in severe en- | 
vironments in which | 
airborne and mobile | 
military computing | 
equipment must oper- 
ate. It has same elec- 
trical ratings as “5965.” 
In addition, 
pass high reliability 
tests for stability, sur- 
vival, heater-cycling | 
shock and fatigue. Al- 7 
titude rating 60,000 ft; 
impact acceleration ™ | 
450 G; vibrational acceleration 2.5 
G.—Tube Dept., General Electric Co., 
Schnectady 5, N. Y. 
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MINIMALIZED TRIMMER 
“POT” 
New “Type 101C Locking Bushing 


Potentiometer” is essentially a lock- 
Ing bushing with a voltage divider 





built inside; is available in 16 stand- 
ard resistance values from 47 ohms 
to 15,000 ohms, all manufactured with 
20 ppm resistance wire. Contact re- 
sistance (equivalent noise resistance) 
is held to a tighter tolerance than 
ever before. Power dissipation is %4 
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Rocket 
Flight 
Simulator 


New automatic test system sub- 
jects acceleration-sensitive devices to 
entire range of acceleration and de- 
celeration forces encountered during 
rocket and missile flights; duplicates 
any two-stage flight during each test. 
It comprises (A) data-recording unit, 








(B) acceleration-deceleration, unit 
and (C) program unit. Acceleration- 
deceleration unit contains a vector- 
seeking specimen mount which elimi- 
nates virtually all undesirable side 


° . . . . > 
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accelerations. An acoustic specimen 
cavity and special microphone per- 
mits audio data sensing so that her- 
metically sealed units can be tested. 
Two energy-storing flywheels can 
accelerate a device from 2 to 125 G 
in 200 milliseconds; minimum brak- 
ing time 100 milliseconds; maximum 
fight time 55 seconds. Program-unit 
controls test cycle—The Magnavox 
Co., Dept. N.P., Fort Wayne 4, 
Indiana. 








watt up to 95°C (derated to zero at 
145°C) for 2,000 hours.—Carter Mfg. 
Corp., Hudson, Mass. 
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SERVO ACTUATOR 


New “D-9” permanent-magnet type 
rotary servo actuator for airborne 
applications features high pow- 





er/weight ratio; is designed for con- 
tinuous operation at an output rating 
of 70 lb-in at 8.5 rpm. Theoretical ac- 


celeration at stall is 40,000 radian/sec? 


and dynamic motor braking is incor- 
porated. Weight 1.9 lb; diameter 
376”; overall length 4%” including 
AN connector. Unit meets MIL-E- 
5272A and MIL-I-6181B.—White- 
Rodgers Co., 4407 Cook St., St. Louis 
13, Mo. 
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CATHODE-RAY OSCILLOSCOPE 


New “Type 515” is a' 5” de-coupled 
general-purpose lab instrument said 
to occupy less bench space and to have 








wider application than many larger 
instruments. Passband is de to 15 Me, 
with 0.023-usec risetime; sensitivity 
is calibrated in 9 steps from 0.1 to 50 
v/em, continuously variable from 0.1 
v/em to 125 v/cm; 0.25-usec balanced 
delay network; 22 calibrated sweeps 
from 0.2 usec/em to 2 sec/em; 5X 
magnifier is accurate on all ranges, 
full sweep range 0.04 usec/cm to 6 
sec/em continuously variable; trigger 
amplitude-level selection or automatic 
triggering. Accelerating potential 4 
kv.—Tektronix, Inc., P. O. Box 831, 
Portland, Oregon. 
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Pulse Power Calibrator 





ENERAL Communication Company’s PCX-1 is an 

G extremely precise instrument, having an accuracy 

to within 0.5 db, for calibrating pulse power meas- 

uring devices in the 925 to 1225 me frequency range 
between —10 and +63 dbm. 

Employing an entirely new method of measurement, 
the PCX-1 Pulse Power Calibrator eliminates all reliance 
upon a pre-calibrated condition. It provides a comparison 
scheme which is free from error caused by changes in 
voltage gain, input voltage fluctuations, parallax, or 
electronic instability about an operating point. Compari- 
son and bridge circuits provided are energized by rf 
power of the same frequency as the signal to be measured, 
establishing a measurement reference level at the time 
of each use. 

The PCX-1 has a notch-and-reference-line display, with 
automatic centering of pulses. Power measurement is read 
directly. Some of its technical characteristics are as 
follows: frequency range — 925-1225mc; accuracy — 
+0.5dbm; power input range —10dbm to + 63dbm; 
input pulse width range — 0.5-10usec; input impedance 
— 53.5 ohms; r-f attenuator range — 63db; notch width 
— 15psec (nominal); pulse recurrence frequency — 
100-2000pps; sweep durations — 200psec (long) and 
20psec (nominal) (short); notch and sweep delay — 


0-175psec (effective) ; notch position delay — 1-30psec; 
matching pulse position delay — 1-30ysec; and trigger 
timing adjustment delay — 3-10ysec. 


Other Pulse Power Calibrators available are: PCX-3 
for 3000 mc band; PCX-5 for 5000 mc band; PCX-9 
for 9000 mc band. 


BOOTH +3063 — I.R.E. SHOW 






GENERAL 


681 Beacon 


COMMUNICATION COMPANY 


Street Boston i) Massach 
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How To Get Things Done 
Better and Faster 


ULTIMATE CIRCUITRY 


self regenerating ‘ 
... self repairing 


MEN MUST TEST! 
MUELLER CLIPS... 


have offered the direct 
simple means of cir 





cuit testing since 1908 
Mueller Clips are as fa- 
miliar...and as unsung 
as old shoes, but many 


others are NEWS! 


MUELLER CLIPS, 


the world's largest 
and only complete line, in- 





clude everything from mas- 

BOARDMASTER VISUAL CONTROL 

ve Gives Graphic Picture— Saves Time, 

Saves Money, Prevents Errors 

Simple to operate — Type or Write on 

Cards, Snap in Grooves 

¥¢ Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

yy Made of Metal Compact and Attractive. 
Over 100,000 in Use 


Full price $4g50 with cards 


FREE 24-Page Booklet No. MT-I0 
Without Obligation 
Write for Your Copy Today 
GRAPHIC SYSTEMS 


55 West 42nd StreeteNew York 36, N.Y. 
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delicate ""Mini-gator’’ for 
testing in miniaturized 
AND, our line 
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our newest FREE CATALOG and 
receive to boot a FREE SAMPLE 
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1588H E. 31st St., Cleveland 14, Ohio 
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Telemetering 


Commutator 


New telemetering commutator with a life 
expectancy exceeding 500 hours’ without 
servicing is contained in a_hermetically- 
sealed case to operate under military en- 
vironments. Powered by a 115-v 400-cps 
two-phase motor, it requires 7 w to provide 
10-rps pole speeds and 15 w for 30 rps. 
Interpole phasing accuracies of 0.2 milli- 
second can be maintained at 30 rps pole 


For more information 
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speeds. Contact resistances of less than 0.25 


ohm are practically invariant and inter- 
contact impedances exceed 100 megohms 
during service life. Two-pole unit has ex- 
ceeded 1000 hours life at 10 rps and has 
withstood 200 eps vibration frequencies at 
16 G amplitude——ZJnstrument Development 
Labs., Inc., 67 Mechanic St., Attleboro, 
Mass. 


rcle 223 on inquiry card 
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New “Model 162,” 


designed to overcome 
objections in existing Q measuring instru- 
ments, can be used by inexperienced per- 
sonnel without fear of damage. Other fea- 
tures are wider frequency range (50 ke to 
75 Me); internal regulation on both 110- 


For more information circle 224 on inquiry card. 


and 220-v operation, a readily-monitored 
injection voltage of 20 mv, and use of a 
single easily-read indicator.—Alpha Instru- 
ment Co., 48 Hempstead St., New London, 
Conn. 





Military Type Transistor 




















New “2N200” germanium p-n-p junction 
transistor, designed for electronic equip- 
ment requiring extreme reliability at high 
temperatures and under severe environ- 
mental conditions, is rated and tested for 
operation up to 75°C; features welded her- 
metic sealing and 100% inspections for 
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shock, vibration and moisture resistance; 
has a typical common emitter current: gain 
of 45; can dissipate up to 350 mw; has low 
noise figure and low collector cut-off cur- 
rent.—Transitron Electronic Corp., Mel- 
rose, 76, Mass. 


For more information circle 225 on inquiry card. 
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FUEL GAGE TESTER 
New ‘‘Type Md-2 Capacitor-type 
uel Quantity Gage Tank Unit Test- 
” meets AF Spec MIL-T-4687; com- 





bines: (1) servo-operated self-balanc- 
ing three-terminal capacitance bridge, 
to 5000 uuf in three ranges in incre- 
ments as low as 0.1 uuf, accuracy bet- 
ter than 0.5% of full seale; (2) ex- 
tremely accurate megohmmeter, to 
10,000 megohms, on a log scale; is 
supplied with 9 accessory cables for 
connecting to all types of fuel gages. 
—Telectro Industries Corp., 35-18 
37th St., Long Island City 1, N. Y. 
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SERVO AMPLIFIER 


New “Model 1800-0700” miniatur- 
ized (6-0z) hermetically-sealed plug- 
in transistor servo amplifier is pri- 





marily intended to receive signals 

from a synchro control transformer 
and to operate a size-15 60-cps 6.1 
watt servomotor or equivalent; is de- 
signed to meet the environmental re- 
quirements of MIL-E-5400.—M. Ten 
Bosch, Inc., Pleasantville, N. Y. 


For rv 


ore information circle 227 on inquiry card. 


RUGGEDIZED AC VTVM 


New “Model SD152” miniature ac 
vacuum-tube voltmeters, designed ex- 
clusively for panel-mounting in mili- 








tary equipment, provide test equip- 
ment designers with greater flexibil- 
ity in panel layout; meet appropriate 
military specs, including MIL-T-945A 
and MIL-E-5400; feature signal lead 
isolation from power circuit and case, 
enabling voltage measurement be- 
tween any two independent test 
points; have a frequency response of 
20-50,000 cps and an input impedance 
of 1 megohm.—Trio Laboratories, 
Inc., 4025 Merrick Road, Seaford, 
NW. 2. 
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POWER FLEXIBLE SHAFT 


New shaft, said to be “strongest 
power drive flexible shaft in the 
world’’ features a new 1%” dia. 
Complete /2-ft shaft with 
rubber-covered 
heavy-duty 













asing and 4 ft of 
reinforcement 


Core pulled out of casing 
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heavy-duty core made up of layers of 
tightly-wound high-grade music wire, 
with which new flexible shaft can 
transmit up to 1650 lb-in of torque at 
440 rpm. Heavy duty flexible casing 
is lined with oil-tempered spring steel, 
reinforced with wire braid, covered 
with oil-resistant neoprene impreg- 
nated fabric and an abrasion-resist- 
ant rubber jacket.—Stow Mfg. Co., 
364 Shear St., Binghampton, N. Y. 


For more information circle 229 on inquiry card. 


SUB-MINIATURE TRANSMITTER 


New Model 1472 PDM/FM or FM/ 
FM Sub-miniature transmitter is de- 
signed especially for telemetering and 
guidance systems requiring the maxi- 
mum in dependability. Said to be the 
first true FM telemetering trans- 





mitter, it features very rugged con- 
struction and unusual center fre- 
quency stability. Designed for oper- 
ation in the 215-235 me band, it de- 
livers an output of 1.5 watt into a 
50-chm resistive load; 4” long, it 
weighs only 11 ounces; response is flat 
(3 db) from 100 eps to 80 ke— 
Telechrome Manufacturing Corp., 28 
Ranick Drive, Amityville, N. Y. 


For more information circle 230 on inquiry card. 


VANEAXIAL FAN 


New 4-oz “Aximax II” cooling fan 
is said to represent “a new landmark 
in miniaturization”: motor is of in- 
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side-out construction whereby rotor 
and air-moving impeller are cast in 
one piece. Fan moves 58 cfm at free 
delivery and 35 cfm at 2” static pres- 
sure; runs at 20,000 rpm and is wound 
for 400 cps either 200 v 3 phase or 115 
v 1 phase.—Rotron Mfg. Co., Schoon- 
maker Lane, Woodstock, N. Y. 


For more information circle 231 on inquiry card. 


MINIATURE TRIMMING VDR 


New “Aero Pots” are miniature 
trimming voltage-dividing resistors 
said to feature “unusual ruggedness, 
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stability and long life.” Aluminum 
body and cover are both U-shaped, 
cover precision-fitted to body to resist 
warping and protect against humidi- 
ty, splashing and dust. Units are ad- 
justable throughout 32 turns by a 
screw-driver in a slotted shaft. Set- 
tings are stable under extreme vibra- 
tion and shock. Resistances range from 
100 ohms to 50,000 ohms in one case 
size. Temperature ranges: —55°C to 
125° C.—Aero Electronics Corp., 2311 
W. Burbank Blvd., Burbank, Calif. 


For more information circle 232 on inquiry card. 


FERRITE ISOLATOR 


New “‘Model W- 
167-1A” high- 
power displace- 
ment absorption 
ferrite isolator is 
rated at 200 kw 
peak and 300 w 
average. Isola- 
tion 17 db mini- 
mum; insertion 
loss 0.5 db maximum; vSwR about 
1.1. Weight 18 oz; insertion length 
1.75”.—Kearfott Co., Inc., (Western 
Div.), 253 North Vinedo Ave., Pasa- 
dena, Calif. 


For more information circle 233 on inquiry card. 




















Who likes to keep a customer waiting? Not the men of Plummer & 
Kershaw at any rate. Unfortunately scheduling is easy but producing 
to the high quality standards that have made P & K respected, is 
another thing. Work done with skill and care is not work that can be 
produced quickly. As inevitable then as night follows day it is necessary 
to specify longer delivery dates—we feel sure you wouldn't want it 
otherwise. 


TURN TO PLUMMER AND KERSHAW FOR— 


* Complete Optical Instruments made to Specifications. 


* Design and Manufacture of Optical Systems using Glass, Crystal or 
other Transmission Media. 


* Lenses and Prisms of Many Types. 
* Test Glasses. 


PLUMMER and KERSHAW 


PRECISION OPTICS 
2759 Frankford Ave., Philadelphia 34, Pa. 
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Unique design 
dimensional Model D-2 fea- 
2 micrometer adjustment con- 
| depth of cut, and adjusts 
py table and pantograph. 


tios from 2 to I to infinity! 


on three sides pees 
30" diameter to be engraved, 
ofiled. Vertical range over 
g operations on complete 
nets or other bulky objects. 


stability and precise accu- 
in construction. 

Mtucted heavy duty steel Green 
parts are conveniently within 
ated. Accessibility of master 
t trays, tools and accessories 





















ll details is yours upon request. 


Literatufe also available on the smaller 
Model 106 three-dimensional engraver. 


GREEN INSTRUMENT COMPANY 


376 Putnam Ave., Cambridge, Mass. 
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MINIATURE ELECTRONIC 
INSTRUMENTS 





Millivolts . . . microamperes . . . ohms 

. phase angle . . . From 8 standard 
shapes and sizes and 65 stock models, 
hundreds of special instruments have 
been delivered to meet exact customer 
requirements. Write for complete catalog. 
Dept. MA-2. 





4025 merrick 
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Reliability 


TORIES ING. 


seaford, new york 
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There have been 


some improved models 
made lately by 


DETROIT CONTROLS CORPORATION 
CONTROL ENGINEERING UNIT 


560 PROVIDENCE HIGHWAY 
NORWOOD, MASSACHUSETTS 
Gyro Flight Stabilizers 
Navigation & Stabilization Systems 


Oivision oF Amancas-Stendesd 
For more information circle 37 on inquiry card. 
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Developers and Manufacturers 
of Gyros 





FOR THE LATEST IN 
MARKING & APPLICATION 


@ 

< — 
QUALITY CONTROL 
PRECISION 
ENGINEERING SERVICE 
RESEARCH 





“DUPLICAN" 
The Photo Contact Process 
For Marking Dials, Panels, 
Curved, Convex, Concave, 
Irregular Surfaces. 


| ROLLER SCREENING 


A New Approach To 
Marking Of Counter 
Wheels, Drums and 
Spheres. 


DIALS, POINTERS & SPECIAL APPLICA- 
TIONS TO ALL GOVERNMENT SPECIFICA- 
TIONS 


Executive Offices 
630 Fifth Avenue, New York 20, N. Y. 
An American Company 


For more information circle 38 on inquiry card. 














M104. 


New switches specifically designed for 
aircraft use are designed for MIL en- 
vironmental requirements. Capsular ele- 
ments which operate snap-action switch 
have been specifically designed for this ap- 
plication, and assure utmost resistance to 
vibration. Over-pressure protection is pro- 
vided also. Many mounting arrangements 


Aircratt 
Pressure 
Switches 


able rings, and ignition of liquid propel- 
pressures between 5 and 150 psi, and “mini- 
ature” from 2 to 100 psi; each in absolute, 
gage, or differential as specified. Both types 
are regularly supplied in sp-dt snap-action 
type wired for N-O or N-C—The Bristol 
Company, Waterbury 20, Conn. 


For more information circle 234 on inquiry card. 








FREQUENCY METER 

New “No. 7-18” measures frequency in 
100-10,000-Mc range; consists of a hetero- 
dyne oscillator using a 2C40 triode with 





waveguide type tuning elements continu- 
ously tunable from 500 to 1250 Me, a de- 
tector-mixer circuit, an audio amplifier, 
beat indicator and crystal calibrator circuit. 
Frequency is measured by zero-beating the 
signal (or one of its harmonics) against 
output of heterodyne oscillator (or one of 
its harmonics).—Northeastern Engineer- 
ing, Inc., Manchester, N. H. 


For more information circle 235 on inquiry card. 


BLOWER MOTOR 


New smaller “Type 11-A-8223-01” single- 
phase 4-pole variable-frequency blower mo- 
tor for equipment cooling has a fairly con- 
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stant speed over a wide frequency range at 
115-v excitation through use of two small 
external capacitors. Operating ambient tem- 
perature range —54°C to 70°C (higher 
upper-limit on special order).—John Oster 
Mfg. Co., Avionic Div., Racine, Wis. 


For more information circle 236 on inquiry card. 


UNITIZED GAS GENERATORS 


New pre-packed gas generators provide 
power for operation of turbines, pressuri- 





able rings, and ignition of liquid propel- 
lants. Squibs with electrical circuitry are 
included as integral parts of generators or 
as threaded-in sub assemblies. Units create 
known amounts of gas at predictable pres- 
sures and temperatures for given time 
periods. Horsepower outputs 0.01 to 150; 
output pressures 15 to 25,000 psi—McCor- 
mick Selph Associates, 103 Hollister Air- 
port, Hollister, Calif. 


For more information circle 237 on inquiry card. 


20-Mc CRYSTAL FILTER 


New miniature crystal filter offering ex- 
cellent selectivity at 20 Mc weighs about 1 
0z; can be used for single conversions from 





pis tithe Leceeerent 


M7 owe 


UHF or VHF in AM or FM receivers. 
Center frequency 20 Mc; bandwidth at 6 db 
attenuation 50 kc; shape factor=ratio of 
bandwidth at 60 db to bandwidth at 6 
db=4/1; no spurious modes above 50 db; 
insertion loss 3 db max.—Hycon Eastern, 
Inc., 75 Cambridge Parkway, Cambridge 42, 
Mass. 
For more information circle 238 on inquiry card. 
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CONTROL PACK 


New miniaturized plug-in control 
sack contains all basic control cir- 
cuitry needed for use with “meter- 
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relays” (contact-type automatic-con- 
trol millivoltmeters). It measures 
about 4”x2”x4”: one-fourth the space 
usually required for such circuitry. 
Many circuit variations are available, 
but standard minimum parts include 
an isolation transformer, a de power 
supply (including rectifiers), and 
slave relays to provide 5-amp 115-vac 
contacts. Frequently an interrupter 
or sampling circuit is also included. 
Standard 11-pin octal type base; four 
mounting studs; completely dust-tight 
case permits quick access to parts 
and wires.—Tipp-Tronic, Inc., Tipp 
City, Ohio. 
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2-WAY MOBILE RADIO 


New “MCA-110-B” vibrator-pow- 
ered unit offers 60 to 75 watts across 
its entire frequency band of 25 to 54 
Me. Designed for use with either 6- or 
12-v systems, it features deviation- 
compensated “squelch,” and a simple 
flick-of-the switch selector for one- 
to-four channel operation. A _ single 
compact casing houses transmitter, 
receiver, power supply, and all re- 
lays (weight 55 lbs). High stability 
is achieved through use of high-pre- 
cision low-drift crystals obviating 
need for evens.—Mobile Communica- 
tions Sales Dept., Allen B. Du Mont 
Inc., 760 Bloomfield Ave., 
Clifton, N. J. 
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DRONE SYSTEM 


New aerial drone system, for evalu- 
ating performance of photographic 
and television cameras in droned sur- 
veillance missions, consists of an L-17 
aircraft modified for photo-television- 
drone operation; a unique auto-pilot 
which provides effective remote con- 
trol of the drone by means of on-off 
type radio signals, and a rugged 
ground control station which can be 


= transported in a jeep. Modified L-17 


can be used as a ground-operated pi- 
lotless aircraft, or go aloft with a 
safety pilot. When drone’s mission is 
completed, ground controller flicks an 
“approach” switch which automatical- 
ly positions landing gear, flaps, prop 
pitch and power in proper sequence 
for landing. Then he directs aircraft 
onto runway.—Temeco Aircraft Corp., 
P.O, Box 6191, Dallas, Texas. 


more information circle 241 on inquiry card. 
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with UAC ALL-ELECTRONIC 








POWER CONVERTERS! 


UAC high efficiency power supplies 
solve size, weight, vibration and shock 
problems in hundreds of Airborne, 
Military, Laboratory, and Commercial 
applications. 

Standard DC to DC units to 150 Watts; 
custom units can be made up to 

500 Watts or to 100,000 voits. 


DC to AC and AC to DC units also 
available, including unusual input-output 
combinations such as: 
28 VDC; input; 115 VAC output 
115 VAC, 400 cps, 3°phase input; 
250 VDC regulated output 


@Reguiated UAC transistorized power converter 


for Mobile, Vehicular, and Airborne applications 

Input: 24 to 29 VDC . 

Output: 250 VDC @ 200 MA 

Regulation: +1% against load variations 
rom % to full load, and over entire 
input voltage range. 

Size: 2%” x 2%” x 3%” 

Weight: Approx. 2 ibs. 





See UAC Power Supplies and UAC portable electronic and nucleonic instruments at our 


BOOTH 3940 & 3942 


NEW YORK IRE SHOW MARCH 18-21 





Write, wire, phone your power supply 
| requirements on current production today. 


Universal AX tomics Corp. 
50 BOND STREET » WESTBURY, L. |., N.Y. 


Dept. MA 17 EDgewood 3-3304 
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OTHER NEW PRODUCTS OF NOTE 


New 3-Minute size-23 synchros pro- 
vide over twice accuracy specified in 
FXS 1066, Mil-S—16892 (BuOrd); in 
some instances obviate synchro sys- 
tems for aircraft. 


Norden-Ketay Corp... Circle 242 


New XKDT-1 low-cost missile target 
operates at sonic speeds—is launched 
from carrier-based aircraft. 


Temco Aircraft Corp. ........+ Circle 243 


New Data Display and Transfer In- 
dicators (for Air-Flight-Plans infor- 
mation) store, readout or transfer 
over 1000 words per minute. 


Union Switch and Signal ...... Circle 244 


New high permeability Fernetic shield 
protects microwaveguides, tubes, and 
ferrite isolators from magnetic fields. 


Perfection Mica Co. usc Circle 245 


New Type-S hi-temp film-type hi- 
precision glass resistors meet Mil-R- 
11804B specs. 


Corning Glass Works .......000 Circle 246 


New “Type 5602-02” size-18 low-speed 
high-torque motor-gear-train with un- 
usually great output for its size can 
be operated in temperatures as low 
as —55°C. 

John Oster Mfg. Co. c..rcscorss Circle 247 


New “1100 Series EASE” analog com- 
puters combine a digital output-input 
translator system (DO/IT) with oth- 
er new features designed for automat- 
ic operation and high accuracy. 
Berkeley Div., Beckman 

BOs Es usaniciansinndicns Circle 248 


New “Model 75” keyboard accessory 
for maker’s 11”x17” X-Y recorders 
comprises a 10-key keyboard and a 
rack-mounted program and memory 
unit. 


Electro Instruments, Ine. ...... Circle 249 


New “Azimuth Alignment Theodo- 
lite’, permits alignment of precision 
gyroscopes to 2 seconds of arc. 

Perkin-Elmer Corp. .........000000 Circle 250 


New “Model 253-E” low-cost panel 
indicating instrument will withstand 
punishment more rigorous than stand- 
ard military 1200 foot-pound shock 
test. 


Assembly Products, Ine. ........ Circle 251 


New “1101 Converter” comprises es- 
sentially a rectifier, vibrator and fil- 
ter network; accepts any 115-v power 
between 50 and 400 cps and converts 
it to requirements of servo analyzer. 


Servo Corp. of America ........ Circle 252 








WE LEARNED THE HARD WAY 





WHY NOT LET US MAKE IT EASY FOR YOU 
TO SOLVE YOUR PROBLEMS WITH DUST IN 


YOUR ASSEMBLY WORK? 

WE HAVE STANDARD DUST FREE (STERIL- 
SHIELD) BENCHES SUCH AS OUR MODEL 14 
SHOWN ABOVE, BUT WE BUILD MANY SPE- 
CIAL TYPES TOO, FOR COUNTLESS APPLI- 
CATIONS. TO TAKE ADVANTAGE OF OUR 
EXPERIENCE IN THIS FIELD, SIMPLY RE- 
QUEST A VISIT FROM US SO WE CAN SHOW 
YOU THREE DIMENSIONAL SLIDES AND THE 
MANY POSSIBILITIES IN YOUR PLANT. 


THE BAKER COMPANY, INC. 
Maplewood, Maine 
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_ high level performat 
"pressure transduce 


w BOURNS 


- High vibration performance 
- Temperature compensation 
- Expanded measurement ranges 


High reliability 


An entirely new concept in pressure instrument performance combined 
with Bourns’ experience in fine instrument manufacturing. 


MODEL 409 
Absolute Pressure Transducer 


. .@ new design which provides extremely accurate 
performance characteristics. An advanced mechanism 
results in low vibration sensitivity for high vibration 
levels over all pressure ranges. 

Temperature compensation and optimum material 
selection result in negligible temperature effect over 
a wide temperature environment. 

Available ranges: 0-2 psia to 0-100 psia. 


Write for Bulletin 409 


MODEL 509 
Differential Pressure Transducer 


-..@ new design with the same quality plus features 
as the Model 409. The diaphragm capsules 
manufactured by Bourns provide exceptional hysteresis 
and linearity performance in addition to the low rene! tan paesse 
temperature error. These production instruments are 

assembled and tested to exacting quality standards. 


Available ranges: 0-2 psi to 0-100 psi. 
Write for Bulletin 509 


COPR. BL 


OURNS LABORATORIES, INC. 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 


TRIMPOT®e LINEAR MOTION POTENTIOMETERS e PRESSURE TRANSDUCERS AND ACCELEROMETERS 
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. ° a. . . 
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ELECTRONIC 
INSTRUMENTS 


BEAT FREQUENCY OSCILLATOR, 


New 
28-page issue of “Brue Kjaer Techni- 
cal Review” (November 1956), presents 
articles on a new beat frequency oscillator, 
automatic output regulator of beat fre- 
quency oscillator, and combined units.— 
Brush Electronics Co., 3405 Perkins Ave., 
Cleveland 14, Ohio. 
Circle 301 on inquiry card. 


GALVANOMETERS. New 12-page Bulletin 
1528 describes and illustrates applications 
of maker’s “Series 7-300” galvanometers 
and accessories.—Consolidated Electrody- 
namics Corp., 300 N. Sierra Madre Villa, 
Pasadena, Calif. 

Circle 302 on inquiry card. 


TUBE TESTER. New 2-page Bulletin CR5- 
describes maker’s “Videochek Model 
CR5” TV picture-tube tester.—Hickok Elec- 
trical Instrument Co., 10514 Dupont Ave., 
Cleveland 8, Ohio. 
Circle 303 on inquiry card. 


TESTING INSTRUMENT. New 2-page Bul- 
letin describes maker’s analyzer “141-A” 
used for testing Brown Electronik contin- 
uous balance amplifier units.—Parameters, 
Inc., 195 Herricks Rd., Garden City Park, 
New Hyde Park Post Office, N. Y. 


Circle 304 on inquiry card. 


TEST EQUIPMENT CALIBRATOR. New 
2-page Bulletin pictures and describes mak- 
er’s “Model 750” electric-test-equipment 
calibrator.—B & K Mfg. Co., 3726 N. South- 
port Ave., Chicago 13, IIl. 

Circle 305 on inquiry card. 


MINIATURE VOLTMETERS. New 2-page 
data sheet No. 239 presents description of 
maker’s miniature ac voltmeter line with 
expanded scale.—International Instruments, 
Inc., P. O. Box 2954, New Haven 15, Conn. 


Circle 306 on inquiry card. 


FREQUENCY COUNTER. New 4-page is- 
sue of “Hewlett-Packard Journal” (Vol. 7 
No. 11-12) features article on new “A 0-1.1 
MC Frequency Counter with Time Inter- 
val Markers”.—Hewlett-Packard Co., 275 
Page Mill Rd., Palo Alto, Calif. 


Circle 307 on inquiry card. 


IMPEDANCE METERS. New 2-page data 
sheet describes maker’s coaxial and wave- 
guide impedance meters.—Narda Corp., 160 
Herricks Rd., Mineola, L. I., N. Y. 


Circle 308 on inquiry card. 


ANALYZERS. New 4-page Catalog Digest 
describes makers’ instruments designed for 
applications requiring accurate high speed 
frequency or waveform analysis.—Panor- 
amic Radio Products, Inc., 9 South Second 
Ave., Mt. Vernon, N. Y. 


Circle 309 on inquiry card. 


MICRO-MICROAMMETERS. New 2-page 
Data Sheet E-03-1 describes maker’s micro- 
microammeters for nuclear reactor control 





systems.—Leeds & Northrup Co., 4907 Sten- 
ton Ave., Phila. 44, Pa. 
Circle 310 on inquiry card. 


OSCILLOSCOPE. New 8-page brochure 
provides information and data on maker’s 
“Type 515” wide-band oscilloscope.—Tek- 
tronix, Inc., P. O. Box 831, Portland 7, 


Oregon. 
Circle 311 on inquiry card. 


TEST EQUIPMENT. New 12-page illus- 
trated bulletin pictures and describes mak- 
er’s waveguide and coaxial test equipment. 
—Admittance-Namco Corp., Farmingdale, 
li 3 Oe Os 
Circle 312 on inquiry card. 


TUBE ANALYZER. New 2-page bulletin 
describes maker’s Thyratron and “Phano- 
tron” tube analyzer.—Alectric Mfg. Co., 
7842-39th Ave., Kenosha, Wis. 


Circle 313 on inquiry card. 


FREQUENCY METER, New set of 2-page 
Data Sheets furnishes specs, operation data, 
and uses of Type 504 Precision Heterodyne 
Frequency Meter; Standing Wave Detector, 
Type 219; and Klystron Power Supply, 


Type 809.—Polytechnic Research & Devel-¥ 


opment Co., Inc., 209 Tillary St., 
A, Bes Bs 
Circle 314 on inquiry card. 


JET ENGINE INSTRUMENTATION, New 
20-page brochure presents company’s test- 
ing equipment and production facilities for 
jet engine control components.—Manning, 
Maxwell & Moore, Inc., Aircraft Products 
Div., Danbury, Conn. 

Circle 315 on inquiry card. 


PROTOTYPE FACILITIES. New 6-page 
bulletin outlines company’s services and 
manufacturing facilities for making proto- 
type turbine engine components.—Saffran 
Engineering Co., 20225 E. Nine Mile Rd., 
St. Clair Shores, Mich. 

Circle 316 on inquiry card. 


DC AMPLIFIER. 
CH374 describes and illustrates Hilger-Ne- 
gretti d-c amplifier, an ultra sensitive, zero- 
drift galvanometer amplifier for measure- 
ment of extremely low currents and poten- 
tials—Jarrell-Ash Co., 26 Farwell St. 
Newtonville 60, Mass. 
Circle 317 on inquiry card. 





New 4-page Bulletin; 


Brooklyn jj 


AUTOTRANSFORMER, New 24-page Bul-j 


letin O describes maker’s “Variac” adjusta- 
ble autotransformers.—General Radio Co., 
Cambridge 29, Mass. 

Circle 318 on inquiry card. 


SIGNAL GENERATOR. New 6-page bulle- 
tin presents specifications of maker’s ‘“‘Mod- 
el SG-132” precision VHF-UHF signal gen- 


- 


erator and accessories.—Transitron, Inc.§ 


186 Granite St., Manchester, N. H 
Circle 319 on inauiry card. 


FREQUENCY CONVERTER, Three new 4 
page Bulletins (176-12-56, 184-12-56, 185- 
12-56) presents information and data on 
maker’s “Model 275” intermediate frequen- 
ey converter; 
signal generator; and “Model 505” stand- 
ard test set for transistors.—Measurements 
Corp., Boonton, N. J 

Circle 320 on inquiry card. 


AUDIO OSCILLATOR. New 2-page Bulle- 
tin 8549 describes and illustrates maker’ 
“Audiolator” all-transistorized beat fre 
quency audio oscillator, powered by mer- 
cury or penlight cell batteries—Kay Elec- 
tric Co., 14 Maple Ave., Pine Brook, N. J. 


Circle 321 on inquiry card. 
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ELECTRONIC INSTRUMENTS. New 48- 
page brochure presents data on maker’s 
electronic instruments, controls, power sup- 


plies, ete.—Deltron, Inc., 2905 N. Leithgow 


St., Philadelphia 33, Pa. 
Circle 322 on inquiry card. 


ELECTRON MICROSCOPE, New 12-page 
trochure RC178 discusses construction and 
operation of maker’s electron microscope 
and covers descriptions of all its compo- 
nents.—North American Philips Co., Inc., 
Instruments Div., 750 South Fulton Ave., 
Mt. Vernon, N. Y. 


Circle 323 on inquiry card. 


RECORDERS 
RECTILINEAR RECORDER. New 10-page 


Bulletin R-501 contains all important infor- 
mation on maker’s rectilinear recorder and 
accessories changing curvilinear motion to 
true rectilinear motion.—Houston Techni- 
cal Laboratories, 3609 Buffalo Speedway, 
Houston 6, Tex. 


Circle 324 on inquiry card. 


OSCILLOGRAPH. New 4-page illustrated 
bulletin provides information and data on 
maker’s “Type 401” low-frequency oscillo- 
graph and “Type 404” pulse-generator.— 
Allen B. DuMont Labs., Inc., Clifton, N. J. 


Circle 325 on inquiry card. 


TAPE RECORDER. New 26-page Bulletin 
1561B describes and illustrates maker’s 
multi-channel magnetic tape recording and 
playback system for recording stress, pres- 
sure, temperature and vibration.—Consoli- 
dated Electrodynamics Corp., 300 N. Sierra 
Madre Villa, Pasadena, Calif. 


Circle 326 on inquiry card. 


TAPE RECORDER. New 20-page Bulletin 
FR100 contains all information on maker’s 
“FR100” instrumentation tape recorders 
used in data acquisition, storage, analysis 
and reduction, etc.—Ampex Corp., Instru- 
mentation Div., 934 Charter St., Redwood 
City, Calif. 


Circle 327 on inquiry card. 


OSCILLOGRAPHS. New 2-page Bulletin 
1536B presents two new explosion-proof 
modifications for maker’s “Type 5-119” re- 
cording oscillograph.—Consolidated Electro- 
dynamics Corp., 300 N. Sierra Madre Villa, 
Pasadena, Calif. 

Circle 328 on inquiry card. 


COMPUTER ACCESSORY EQUIPMENT. 
Three new 2-page leaflets and a 4-page 
folder (Series 1-000) describes maker’s 
servos, resolvers, recorders, “Model 108” 
three-channel instrument signal converter, 
etc.—Dynalysis Development Laboratories, 
Inc., 11941 Wilshire Blvd., Los Angeles 25, 
Calif. 


Circle 329 on inquiry card. 


POTENTIOMETERS, 
RESISTORS 


PRECISION POTENTIOMETERS. New 2- 
page Data Sheet 54-18 shows construction 
of maker’s series B precision potentiome- 
ters, and gives specifications and character- 
isties—Helipot Corp., a division of Beck- 
man Instruments, Inc., Newport Beach, 
Calif, 

Circle 330 on inquiry card. 


COMPOSITION RESISTORS. New 12-page 
Bulletin B-1A presents specifications, char- 
acteristics-charts, etc. of maker’s “Type 
PT” fixed composition resistors.—Interna- 
tional Resistance Co., 401 N. Broad St., 
Philadelphia 8, Pa. 


Circle 331 on inquiry card. 
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HIGH FREQUENCY RESISTORS. New 8- 
page Bulletin F-la discusses types MP and 
HFR frequency & miniature high frequency 
resistors, including data on construction, 
characteristics, applications, types, resist- 
ance values, etc.—International Resistance 
Co., 401 N. Broad St., Phila. 8, Pa. 


Circle 332 on inquiry card. 


RESISTORS, RHEOSTATS, New 4-page 
Bulletin 53 contains ratings for fixed and 
adjustable vitreous enameled resistors and 
rheostats.—Hardwick, Hindle, Inc., 40 Her- 
mon St., Newark 5, N. J. 


Circle 333 on inquiry card. 


RESISTORS AND SNAP SWITCHES, New 
32-page Bulletin RC-10B describes maker’s 
variable composition resistors and snap 
switches. Includes dimensional drawings.— 
Stackpole Carbon Co., St. Marys, Pa. 


Circle 334 on inquiry card. 


POTENTIOMETERS, New 2-page Techni- 
cal Data Sheet 102 presents specifications 
on maker’s minimalized trimmer potenti- 
ometers.—Carter Mfg. Corp., 23 Washing- 
ton St., Hudson, Mass. 


Circle 335 on inquiry card. 


POWER SUPPLIES 
POWER SUPPLY. New 2-page Bulletin 


1570 describes and illustrates maker’s 
“Type 3131” 26-volt d-c power supply.— 
Consolidated Electrodynamics Corp., 300 
N. Sierra Madre Villa, Pasadena, Calif. 


Circle 336 on inquiry card. 


POWER SUPPLIES. New 4-page Catalog 
568 gives information on maker’s voltage- 
regulated power supplies for transistors, 
strain gages, etc.—Kepco Laboratories, Inc., 
131-38 Sanford Ave., Flushing 55, N. Y. 


Circle 337 on inquiry card. 


BATTERIES. New 8-page brochure de- 
scribes maker’s “Sturges” nonspill storage 
batteries and cells——Electronic Batteries, 
Inc., Bush Terminal Bldg., No. 4, 28-34 35th 
St., Brooklyn 32, N. Y. 


Circle 338 on inquiry card. 


CUSTOM POWER SUPPLIES, New 18- 
page brochure shows examples of company’s 
custom power-supply designs, including the 
following types: Magnetic-amplifier-regu- 
lated; transistorized; transistor-driven- 
mag-amp; de to de; saturable-reactor con- 
trolled; etc—NJE Corp., 345 Carnegie 
Ave., Kenilworth, N. J. 


Circle 339 on inquiry card. 


TUBES, TRANSISTORS 
ELECTRON TUBES. New 4-page catalog 


presents list of maker’s transmitting and 
industrial tubes for radio, industrial, and 
scientific uses.—BNC Industrial, 180 Spring 
St., Paterson 3, N. J. 


Circle 340 on inquiry card. 


SELENIUM RECTIFIERS. New 12-page 
Booklet 1007-10M pictures and describes 
maker’s “Selenium Slims” union selenium 
power rectifiers—Union Switch & Signal 
Div., Westinghouse Air Brake Co., Pitts- 
burgh 18, Pa. 


Circle 341 on inquiry card. 


SILICON RECTIFIERS, New 26-page Book- 
let ECG-148A gives full information on 
maker’s Series 4JA60 small high-current 
silicon rectifiers—General Electric Co., 
Semiconductor Products, Electronics Park, 
Syracuse, N. Y. 


Circle 342 on inquiry card. 
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Model FL-4A 
— | 
manufacturers 
and users of 
high speed tape 
recorders, who 
are engaged in 
instrumentation, 
telemetering 
and data 
transmission 
systems 


Lockheed Photo 
Carrier frequency: 14.5kc from crystal oscillator Order Direct 


Features: Specifications: 

® Measures flutter fre- 
quencies dc to 5000 cps 

® Internal 24 db/octave 
filters for analysis 

® 3” oscilloscope for 

detailed flutter studies 


Indicators: +2% drift and rms flutter meters 
Range: 0.2, 0.6, and 2.0% rms full scale 
Flutter filters: 0.5 to 30 cps; 30 to 300 cps; 
300 to 5000 cps 

Dimensions: 834”x 19” standard rack 


or write us for 
name of nearest 
representative 





For more information circle 16 on inquiry card. 








the Boehme interlink converter 


..-is a multi-purpose equipment designed to satisfy all terminal requirements in point 
to point teleprinter service. It is also capable of handling many remote operations. 


FEATURES SPECIFICATIONS 

¢ Requires one pair of lines. ELECTRICAL POWER SOURCE: 

¢ Operates on lines possessing INPUT IMPEDANCE: 115 v., 60 cy. 
relatively high noise 600 ohms. POWER CONSUMPTION: 
components, INPUT LEVEL: 80 watts (approx.). 

«« Reduces effect of cross talk. 0 to minus 40 dbm. MECHANICAL 

° Reduces errors of human (.001 watt reference). Standard 19” panel, 

failure. OUTPUT LEVEL: 7” high. 


¢ Eliminates normal switching. 


Capable of ti 1 0 dbm+2 dbm. Heavy Duralumin 
¢ Capable of operating severa construction. 
. . OUTPUT IMPEDANCE: 
teletype printers at same time. inh sien, sth cnnnenante. 


¢ Ruggedized components 
thruout. 
¢ Draw and tilt chassis for easy 


All resistors or condensers 
mounted on terminal boards 


OUTPUT FREQUENCIES: 
MARK: 1325 cps 


maintenance when supplied +8 cps. or brackets. ae 
with cabinet. Also supplied SPACE: 1225 cps Slide and tilt chassis in 
for rack mounting. +8 cps. cabinet. 





For more information circle 41 on inquiry card. 
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Prepared Automatically 


New Machines Reduce Hand Work, apeee Production 


LONG OR SHORT RUNS 
LEAD FORMER Cuts and forms 


coaxial leads to any desired shape 
and length. Over 5,000 parts per 
hour. Various feed attachments. 


LEAD BENDER Bends leads to 
right angles and trims them to 
any length, equal or unequal. Up 


to 14,000 parts per hour. 


LEAD STRAIGHTENER Automati- 
cally straightens and aligns pigtail 
leads. Up to 3,000 parts per hour. 
Easily coupled to other automation 
equipment. 


LEAD TAPER Tapes on body, lead 
or both. Can be combined with 


other machines. 


INSERT MACHINE Automatically 
locates and drills board holes— 
correctly inserts up to 24 different 
components. 


Write for Catalog 





LEAD FORMER with tape stripper attachment 





On Display At IRE Show 
Booth 4125 e New York Coliseum 
MARCH 18-21 











DESIGN TOOL CORPORATION 


ELECTRO-MACHINERY DIVISION 


76 Washington Street 


New York 6, N. Y. 


For more information circle 43 on inquiry card. 
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NEW LITERATURE 





TRANSISTOR RECTIFIERS, Three new 4- 
page bulletins (TE 1336, 1336A, 1338 and 
1340) present data, and describe maker’s 
military-type silicon power rectifiers and 
transistors, also germanium and silicon di- 
odes. Two new 2-page leaflets give charac- 
teristics and data of lead mounted and min- 
iature-type silicon rectifiers.—Transitron 
Electronic Corp., Melrose 76, Mass. 

Circle 343 on inquiry card 


SELENIUM RECTIFIERS. New 16-page 
Bulletin 1009 presents maker’s selenium 
rectifiers with design ratings, coding, and 
ordering information, etc.—General Appa- 
ratus Sales, Union Switch & Signal Div., 
Westinghouse Air Brake Co., Pittsburgh 
18, Pa. 

Circle 344 on inquiry card. 


TRANSISTOR TEST EQUIPMENT. New 
8-page Catalog 9-30-56 contains all infor- 
mation on maker’s transistor test equip- 
ment, transistor power supplies, miniatur- 
ized components, constant current genera- 
tors, etc.—Electronic Research Associates, 
Inc., 67-69 E. Centre St., Nutley, N. J. 

Circle 345 on inquiry card. 


SILICON-JUNCTION RECTIFIER. New 2- 
page Bulletin ECG-134A presents specifica- 
tions and ratings of maker’s silicon junc- 
tion rectifier—General Electric Co., Elec- 
tronics Park, Syracuse 1, N. Y. 

Circle 346 on inquiry card. 


JUNCTION TRANSISTOR. New 2-page 
Specification Bulletin G-3 describes maker’s 
germanium P-N-P alloyed junction transis- 
tor for low frequencies.—General Transis- 
tor Corp., 130-11 90th Ave., Richmond Hill 
16, 2 

Circle 347 on inquiry card. 


RADAR TUBES. New DuMont sheet pre- 
sents maker’s Radar Tubes which save 
space and weight permitting full use of 
miniaturization techniques in airborne and 
other portable radar receivers.—DuMont 
Labs., Inc., 2 Main Ave., Passaic, N. J. 


Circle 348 on inquiry card. 
CAMERAS 


DATA RECORDING CAMERAS. New 8- 
page Brochure MC-2 describes maker’s 
“Multidata,” multi-purpose precision data 
recording cameras for automatic synchro- 
nized motion picture or single frame op- 
eration.—F light Research, Inc., P. O. Box 
1-F, Richmond 1, Va. 

Circle 349 on inquiry card. 


AERIAL PHOTOGRAPHIC EQUIPMENT. 
New 74-page Catalog 464 describes avail- 
able aerial photographic and photo instru- 
mentation equipment, and facilities for re- 
pair of all standard military photographic 
equipment.—Gordon Enterprises, 5362 N. 
Cahuenga Blvd., N. Hollywood, Calif. 

Circle 350 on inquiry card. 


DATA RECORDING CAMERAS. New 40- 
page brochure provides data on maker’s 
high-speed and data recording 16mm and 
35mm cameras for military and industrial 
use.—Traid Corp., 4515-17 Sepulveda Blvd., 
Sherman Oaks, Calif. 


Circle 351 on inquiry card. 


CAMERAS. Seven new 2-page Data Sheets 


(7123, 7124, 7125, 7126, 7127, 7129, 7133) 
describes Bell & Howell “200-P” 16-mm 
magazine pulse camera; “198” portable 


splicers; 
camera; 


“710- KRM” 16-mm motion picture 
“71-QM, 71-KM, 71-MM, 71-RM,’ 


35-mm motion picture cameras.—Traid 
Corp., 4515-17 Sepulveda Blvd., Sherman 
Oaks, Calif. 


Circle 352 on inquiry card 


PHOTO EQUIPMENT, New 104-page Cata- 
log 956M presents list of maker’s adapters, 
camera backs, exposure meters, projection 
screens, shutters, etc.—Burke & James, 
Inc., 321 So. Wabash Ave., Chicago 4, III]. 

Circle 353 on inquiry card. 


ITV 


ITV. New 64-page booklet presents wide 
selection of video, audio, lighting, etc. equip- 
ment for ITV and includes 15-page guide 
to types and accessories for particular ap- 
plications, maintenance, etc.—Graybar Elec- 
tric Co., Inc., 420 Lexington Ave., New 
York 17, N. Y¥. 


Circle 354 on inquiry card. 


CLOSED-CIRCUIT TV, New 28-page RCA 
High- Fidelity Television guidebook presents 
maker’s line of color and black-and-white 
closed-circuit television systems.—Radio 
Corporation of America, 30 Rockefeller 
Plaza, New York 20, N. Y. 


Circle 355 on inquiry card. 


INDUSTRIAL TV, New illustrated catalog 
presents maker’s line of TV distribution 
units, installation accessories and closed-cir- 
cuit TV equipment.—Blonder-Tongue Labs., 
525-536 North Ave., Westfield, N. J. 


Circle 356 on inquiry card. 


CAMERA TUBES. New 16-page booklet 
(ETD-1192) illustrates how GE’s Power 
Tube Sub-Dept. has established extensive 
facilities for the manufacture of image 
orthicons, vidicons and other pick-up tubes 
for military and commercial applications.— 
General Electric, Tube Dept., Schenectady 
6, NM. 2. 

Circle 357 on inquiry card. 


MOTORS, SERVOS 


SERVOMECHANISM COMPONENTS. New 
2-page Bulletin 410 describes maker’s high- 
temperature servo mechanism components. 
—Norden-Ketay Corp., Commerce Rd., 
Stamford, Conn. 

Circle 358 on inquiry card. 


SYNCHROS. New 4-page Bulletin 409 
presents specifications of maker’s 3 minute, 
Size 23 synchros.—Norden-Ketay Corp., 
Western Div., 13210 Crenshaw Blvd., Gar- 
dena, Calif. 


Circle 359 on inquiry card. 


GEAR MOTORS. New 8-page Bulletin 
GEA-6133A presents data on maker’s frac- 
tional horsepower gear motors.—General 
Electric Co., Schenectady 5, N. Y. 


Circle 360 on inquiry card. 


MOTORS. New 2-page bulletin describes 
maker’s “Type FC” ac 400 cycle motors 
which can be wound either 3-phase, 2-pole 
or 4-pole; or 2-phase, 2-pole or 6-pole.— 
Globe Industries, Inc., 1784 Stanley Ave., 
Dayton 4, Ohio. 


Circle 361 on inquiry card. 
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—Bekey Electric Co., Inc., 


SERVO UNIT. New 2-page bulletin de- 
scribes maker’s “BuOrd Size 10” miniature 
notor-gearhead-clutch.—Servomechanisms, 
Inc., Mechatrol Div., 625 Main St., West- 
bury, L. 1, BM. ¥- 


Circle 362 on inquiry card. 


SERVO MOTORS. New 4-page bulletin 
presents specs for low-inertia servo motors. 
1327 S. Main 
St., Los Angeles 15, Calif. 


Circle 363 on inquiry card. 
GEAR MOTORS. COUNTERS. New 12- 
page brochure describes maker’s fractional 


horse power shaded pole gear motors and 
counters.—Electro Counter & Motor Co., 
1713 N. Ashland Ave., Chicago 22, IIl. 


Circle 364 on inauiry card. 


SERVO AMPLIFIERS, Two new 2-page 
bulletins present maker’s line of servo 
amplifiers for 60 and 400 cps servo motors. 
—Industrial Control Co., Wyandanch, L. I., 
|. a 2 


Circle 365 on inquiry card. 


TELESYN SYNCHROS, New 12-page bro- 
chure describes and illustrates maker’s 
standard line of size 1, 3 and 5 Telesyn 
synchros.—Ford Instrument Co., Div. of 
Sperry Rand Corp., 31-10 Thomson Ave., 
Long Island City 1, N. Y 

Circle 366 on inquiry card. 


INFRARED 
INFRARED WEAPONS. New 4-page issue 


of new periodical “Around the Servo Cir- 
cuit” (Vol. 1,-No. 1) presents new develop- 
ments in infrared weapons systems.—Servo 
Corp. of America, 20-20 Jericho Turnpike, 
New Hyde Park, L.I., N. Y. 


Circle 367 on inquiry card. 


THERMAL CONDUCTIVITY ANALYZER. 
New 12-page Catalog 56-1008-59 describes 
and illustrates applications and features of 
maker’s “Condu-Therm” analyzer and “Ac- 
ratron” electronic recorder.—The Hays 
Corp., Michigan City, Ind. 


Circle 368 on inquiry card. 


cH HERMOPILES. New 12-page Brochure 
H 313/5 describes Hilger-Schwarz Therm- 
pe A for conversion of infrared energy in- 
to electrical energy.—Jarrell-Ash Co., 26 
Farwell St., Newtonville 60, Mass. 
Circle 369 on inquiry card. 


DATA PROCESSING 
LoMPUTING SYSTEM. New 9-page Form 


LSC-56,000 is an operational guide to new 
Univac Scientific 1103A electronic comput- 
ing system; contains terminology list of in- 
struction repertoire, and a keyed block dia- 
gram.—Remington Rand Univac Div. of 
Sperry Rand Corp., 1902 W. Minnehaha 
Ave., St. Paul, Minn. 


Circle 370 on inquiry card. 


STATIC CONTROL SYSTEM. New 8-page 
Bulletin GEA-6578 defines the funda- 
mentals and features of general-purpose 
static control system for machine functions; 
lists advantages, and describes its logic ele- 
ments.—General Electric Co., Schenectady 
a, 6 


Circle 371 on inquiry card. 


DATA PROCESSING. New 16-page Bul- 
etin 32-6967 presents case studies of pro- 
duction control with random access memory 
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and punched card, special industry bulletins 
describe applications in various specialized 
departments.—International Business Ma- 
chines Corp., 590 Madison Ave., New York 
$3. N. Y. 


Circle 372 on inquiry card. 


DATA PROCESSING SYSTEM. New 4-page 
publication “Data For Decision” provides 
a complete description, specifications and 
applications of the new “ALWAC 800” elec- 


tronic processing system.—Logistics Re- 
search, Inc., 141 So. Pacific Ave., Redondo 
Beach, Calif. 


Circle 373 on inquiry card. 


TAPE HANDLING EQUIPMENT, New 6- 
page brochure illustrates and describes a 
complete tape handling and storage system 
—reel trucks, files and storaways with sta- 
tionary and portable racks—TAB Products 
Co. of N. Y., 154 Nassau St., New York 
38, N. Y. 

Circle 374 on inquiry card. 


TAPE CONTROL SYSTEM. New 8-page 
Bulletin describes maker’s punched-tape 
control system for automatic control of 
production machines.—Bendix Aviation 
Corp., Res. Labs. Div., 4855 Fourth Ave., 
Detroit 1, Mich. 


Circle 375 on inquiry card. 


COMPUTER. New 4-page Application 
Data Report 1H-106 presents typical indus- 
trial situation resolved by G-15D general- 
purpose computer.—Bendix Computer Div., 
Bendix Aviation Corp., 5630 Arbor Vitae 
St., Los Angeles 45, Calif. 


Circle 376 on inquiry card. 


DELAY LINES. New 16-page brochure 
presents specifications, definitions and 
measurements of maker’s delay lines for 
computer and radar systems.—ESC Corp., 
534 Bergen Blvd., Palisades Park, N. J. 


Circle 377 on inquiry card. 


CUSTOM DESIGNED EQUIPMENT. New 2- 
page Data Sheet shows maker’s Doppler 
Data Translator and describes the device 
and its application.—Potter Instrument Co., 
Inc., 115 Cutter Mill Rd., Great Neck, N. Y. 


Circle 378 on inquiry card. 


LOGARITHMIC CONVERTER. New 4-page 
bulletin describes maker’s “Model 60” con- 
verter for dc or ac input voltages with 
output voltages proportional to logarithm 
of the amplitude of the input voltage.— 
F. L. Moseley Co., 409 N. Fair Oaks Ave., 
Pasadena 3, Calif. 


Circle 379 on inquiry card. 


COMPUTING 


DIGITAL COMPUTER. New 6-page illus- 
trated Bulletin AB116 provides information 
and data on maker’s G-15D digital com- 
puter.—Bendix Computer Div., Bendix 
Aviation Corp., 5630 Arbor Vitae St., Los 
Angeles 45, Calif. 

Circle 380 on inquiry card. 


ANALOG COMPUTER. New 16-page cat- 
alog describes maker’s d-c analog computers 
and allied equipment.—Mid-Century In- 
strumatic Corp., 611 Broadway, New York 
12, ; 


Circle 381 on inquiry card. 


COMPUTER SERVICES. New Cook Re- 
search Newsletter, Vol. No. 6, Issue 2, lists 
the digital and analog equipment contained 
in their expanded computer facility service. 


—Cook Electric Co., 
Ave., Chicago 14, III. 
Circle 382 on inauiry card. 


2700 No. Southport 


ELECTRONIC 
COMPONENTS 


COMPONENTS AND ACCESSORIES, New 
20-page Bulletin presents list of maker’s 
knobs and spiral lacing, pulse transformers, 
test probes, viewing accessories, color fil- 
ters, etc.—Allen B. DuMont Labs., Inc., 760 
Bloomfield Ave., Clifton, N. J. 


Circle 383 on inquiry card. 


TUBULAR CAPACITORS. New 8-page 
Bulletin GET-2671 lists ratings and dimen- 
sions for maker’s molded “PVZ” tubular 
capacitors.—General Electric Co., Sche- 
nectady 5, 


Circle 384 on inquiry card. 


CERAMIC CAPACITORS. New 20-nage 
Catalog No., 616 specifies maker’s Tiny- 
MIKE ceramic capacitors, including new 
temperature-compensating “Type C’’.—Cor- 
nell-Dubilier Electric Corp., South Plain- 
field, N. J. 


Circle 385 on inquiry card. 


TRANSFORMERS, FILTERS. New 47-page 
Catalog 571 presents list of maker’s audio 
transformers, discriminators, filters, power 
components, etc.—Freed Transformer Co., 
Inc., 1718-1736 Weirfield St., Brooklyn 
(Ridgewood 27, N. Y. 


Circle 386 on inquiry card. 


ELECTRONIC PRODUCTS, New 20-page 
Catalog No. 51 presents maker’s new 
narrow neck disc cathode and new cathode 
material Cathaloy P-51, tubular electronics 
parts, cathode nickel alloys, glass sealing 
alloys, alloys for fabricated tubular parts, 
etc.—Superior Tube Co., 1566 Germantown 
Ave., Norristown, Pa. 

Circle 387 on inquiry card. 


SLIP RINGS. New 16-page brochure 
covers maker’s slip rings, slip ring as- 
semblies, microwave assemblies, and contact 
parts made from either laminated flat stock 
or raised lay.—D. E. Makepiece Co., Div. of 
Union Plate and Wire Co., Attleboro, Mass. 


Circle 388 on inquiry card. 


TRANSFORMER, New 2-page Bulletin 
presents specifications on maker’s miniatur- 
ized transistor transformer.—New England 
Transformer Co., Somerville, Mass. 

Circle 389 on inquiry card. 


TUBE CAP CONNECTORS. New 22-page 
handbook presents designs and specifica- 
tions on maker’s tube cap connectors for 
airborne and missile equipment.—Alden 
Products Co., Main St., Broc’' n, Mass. 

Circle 390 on inquiry caro 


SWITCHES, RELAYS 


SWITCHES. New 32-page Manual GEA 
6372 furnishes compelte operation and ap- 
plication data for maker’s manual, mag- 
netic, and reduced-voltage starters; push 
buttons; relays; pressure and vacuum 
switches; float switches; solenoids; pres- 
sure governors etc.—General Electric Co., 
Schenectady 5, N. Y 


Circle 391 on inquiry card. 


RELAYS. New 4-page brochure provides 
information on maker’s a-c and d-c minia- 
ture relays for airborne electronics etc.— 
Union Switch & Signal Div., bs ~enenemens 
Air Brake Co., Pittsburgh 18, 


Circle 392 on inquiry card. 

















































































Interelectronics Inter- 
verter solid-state thyra- 
tron-like elements and 
magnetic components 
convert DC to any num- 
ber of voltage regulated 
or controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 
Light weight, compact, 
90% or better conversion 
efficiency. 

Ultra-reliable in opera- 
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac- 
celeration, vibration, tem- 
perature, RF noise. 

Now in use in major 
missiles, powering tele- 
metering transmitters, ra- 
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag- 
netic amplifiers. 

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro- 
duces its own solid-state 
gating elements, all mag- 
netic components, has the 
most complete facilities 
and know-how—has de- 
signed and delivered 
more working KVA than 
any other firm! 

For complete engineer- 
ing data write Interelec- 
tronics today, or call 
LUdiow 4-6200 in N. Y. 


INTERELECTRONICS 
CORPORATION 


2432 GR. CONCOURSE, N.Y. 58, N.Y. 


For more information circle 44 on inquiry card. 
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. Sub-Miniature 
GUO GE 


and 


Trimmers 


\/o size, precision wire-wound, 


up to 250K, +.3°,, linearity 








setting new standards 
for dependability 
TaMeeioMalialichntiab4elicela 


Let the facts speak for themselves! ACE Sub-Miniature Precision Wire- 
Wound Potentiometers and Potentiometer Trimmers are the result of 4 years 
development and over a year of successful use by leading electronic equipment 
manufacturers. Users have conclusively proved that ACEPOTS and ACE- 
TRIMS meet requirements for space and weight saving compactness, while at 
the same time meeting MIL specs’ most stringent qualifications for perform- 
ance and dependability. Why invite trouble with untested components when 
you can protect your reputation with ACEPOT and ACETRIM .. . the 
subminiature potentiometers and trimmers proved in actual use. 








Condensed Engineering Data 


ACEPOT ACETRIM 
(potentiometer) (trimmer) 
Resistance Range 200 ~~ to 250K + 2% 10 - to 150K + 3% 
Linearity +.3% +3% 
Resolution extremely high excellent 
Ambient Temperature — 55° C to 125° C* -— 55° Cto 125°C 
Torque low or high low or high 


The above specifications are standard — other values on special order. 


Available in threaded bushing, servo, flush tapped hole or flange mounting, and 
ganged units. All units sealed, moistureproofed, and anti-fungus treated. Meet 
applicable portions of JAN specs and MIL-E-5272A standards. 


*New X-500 ACEPOT operates to a new high of 150° C. 














Expedited delivery on prototypes; prompt servicing of production orders. 
Send for Fact File and application data sheets. 


*trademarks applied for 


ACE ELECTRONICS ASSOCIATES 


Dept. M, 101 Dover St. e Somerville 44, Massachusetts 


For more information circle 45 on inquiry card, 


ACEPOT* 
_-ACETRIM* 
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MICRO SWITCHES, New 4-page issue of 
“Uses Unlimited” (Vol. 10, No. 3) contains 
information on new developments in com- 
pany’s line of micro switches.—2-page Data 
Sheet 115 describes Type 1RA1 subminia- 
ture screw driver-actuated switch.—Micro 
Switch, a division of Minneapolis-Honeywell 
Regulator Co., Freeport, Ill. 

Circle 393 on inquiry card 


SWITCHES. New 4-page Catalog 200 il- 
lustrates and describes maker’s push button, 
lever, and turn switches.—Donald P. Moss- 
man, Inc., Brewster, N. Y. 

Circle 394 on ing 





uiry card. 


PRECISION SWITCHES. New Haydon 
Switch-Idea File Catalog No. 5 provides 
data on maker’s precision switches for air- 
craft, industry, and commercial application 
including subminiature switches.—Haydon 
Switch Inc., Waterbury, Conn. 


Circle 395 on inquiry card. 


HIGH TEMPERATURE 
HIGH-TEMPERATURE WIRES. New 2- 


page Bulletin No. 1906 describes a series of 
single-conductor, 600-v, high-temperature 
aircraft hook-up wires designed to meet 
MIL-W-7139.—Revere Corp. of America, 
Wallingford, Conn. 

Circle 396 on inquiry card. 


OVER-HEAT DETECTORS. New 4-page 
MC-134 describes maker’s thermistor-ac- 
tuated over-heat detectors for temperature 
control and overheat detection in aircraft. 
—Fenwal, Inc., Aviation Products Div., 
Ashland, Mass. 

Circle 397 on inquiry card. 


MISCELLANEOUS 
WAVEGUIDE COMPONENTS. New  20- 


page Catalog 5-6A presents maker’s micro- 
wave test equipment and waveguide com- 
ponents.—Lieco, Inc., 3610 Oceanside Rd., 
Oceanside, L. I., N. Y. 


Circle 398 on inquiry card. 


MECHANICAL COMPONENTS. New 4- 
page bulletin presents ideas, techniques and 
designs of maker’s mechanical components 
used for mounting, housing, fastening of 
electronic equipment.—Alden Products Co., 
127 N. Main St., Brockton, Mass. 

Circle 399 on inquiry card. 


LUBRICATION EQUIPMENT. New 2-page 
Product Data Sheet No. 5-55 presents Lear- 
Romec Engine Lubrication Equipment 
(Model RG-15530) for gas turbine engines 
built for ambient temperatures minus 65° 
to plus 350° F.—Lear, Inc., Lear-Romec Div., 
Elyria, Ohio. 

Circle 400 on inquiry card, 


JET ENGINE HARNESS. New 4-page il- 
lustrated Bulletin MC-141 describes maker’s 
jet engine harnesses and interchangeable 
thermocouples.—Fenwal, Inc., Ashland, 


Mass. 
Circle 401 on inquiry card. 


HUMIDITY CONTROLLERS. New 4-page 
bulletin illustrates and gives pertinent data 
on “Serdex” indicating, recording and/or 
controlling humidity instruments.—Gardner 
Laboratory Inc., P. O. Box 5728, Bethesda 
14, Md. 


Circle 402 on inquiry card. 








For further details concerning devel- 
opments reported in advertisements, 

or New Product or New Literature 
reviews, CIRCLE THE NUMBER cor- R 
responding to that which appears eade 
with the ad or write-up. If the card Inqui 
has already been used, mark the num- Card 
ber on a postal card (including month 
of issue) and send to us. When indi- 
cating change of address, kindly note 
old address. 





BREADBOARD PARTS. New 8-page issue 
of “Helinews” No. 15 (November 1956), de- 
scribes maker’s standard electromechanical 
breadboard parts, linear scale ac ammeter 
and “Duodial” turns-counting dial.—Heli- 
pot Technical Information Service Corp., 
Div. of Beckman Insts., Inc., Newport 
Beach, Calif. 


Circle 403 on inquiry card. 


HEATER CONTROLS. New 4-page bro- 
chure presents maker’s line of aircraft 
heater controls—Fenwal, Inc., Ashland, 
Mass. 

Circle 404 on inquiry card. 


TEMPERATURE CONTROLS. New 6-page 
Brochure MC-132 describes maker’s com- 
plete line of miniaturized accessory tem- 
perature controls for aircraft, airborne 
equipment, guided missiles and ground ap- 
paratus.—Fenwal, Inc., Ashland, Mass. 

Circle 405 on inquiry card. 


FUEL PUMPS, New 2-page Data Sheet 
3-21 presents maker’s “Model RD-15240” 
electric-driven small-bore low-flow heater 
fuel pumps.—Lear, Inc., Lear-Romec Div., 
Elyria, Ohio. 

Circle 406 on inquiry card. 


PRESSURE RATIO INDICATORS. New 4- 
page Bulletin 361 describes maker’s pres- 
sure ratio (engine discharge to inlet) in- 
dicating system for turbo-jet engines.— 


Instruments & Systems Div., Norden-Ketay 


Corp., Wiley St., Milford, Conn. 


Circle 407 on inquiry card. 


WIRE AND CABLE TIES. New 8-page Bro- 
chure B 80-200 presents maker’s preformed 
“Guy-Grips”, and splints and ties for wire 
and cable.—Preformed Line Products Co., 
5349 St. Clair Ave., Cleveland 3, Ohio. 


Circle 408 on inquiry card. 


HEAT AND FLUID PROCESSING, New 12- 
page issue “High Gradient” (Nov.-Dec., 
1956, No. 28) discusses improvements in 
solving heat and fluid processing prob- 
lems.—Selas Corp. of America, Dresher, Pa, 

Circle 409 on inquiry card. 


MOBILE ELECTRONIC SYSTEMS. New 8- 
page brochure describes maker’s mobile, 
transportable, and stationary electronic sys- 
tems for communications and navigation.— 
New 4-page bulletin describes a lightweight 
shelter intended for helicopter transporta- 
tion for emergency setup.—New 6-page 
booklet describes transit cases offering pro- 
tection for electronic components, instru- 
ments and other fragile equipment during 
transportation and field use.—Craig Sys- 
tems, Inc., Danvers, Mass. 

Circle 410 on inquiry card. 


ULTRASONIC CLEANER, New 4-page Bul- 
leting GW 45 contains all information on 
maker’s “Model GW-5 and GW-4” ultra- 
sonic instrument bearing and small parts 
cleaners.—The Baker Co., Inc., Maplewood, 
Maine. 

Circle 411 on inquiry card. 
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announces publication of 


. to cover instrumentation and con- 
trol systems, devices, and compo- 
nents which have applicability in 
equipment designed primarily for use 
by the Armed Services. 


First regular issue: February 1957 


Fill in and return the attached verification form to- 
day. For less than two-minutes effort now, you can 
assure yourself a full-year’s subscription to M-A at 


no charge or obligation. 
* 
Moil to: 
e 


THE INSTRUMENTS PUBLISHING COMPANY 


MILITARY AUTOMATION 








QUALIFIED-READER SUBSCRIPTIONS 
will be accepted from the following: 


1. Engineers and executives in organizations which 
develop and manufacture equipment, controls, and 
systems used in military equipment. 


2. Engineers and executives in companies which pur- 
chase, install, and maintain equipment and systems 
for military applications. 


3. Officers and engineers with the Armed Forces re- 
sponsible for the specification of electronic equip- 
ments and controls. 


4. Officers and engineers active in development and 
research work under contract to the Armed Forces. 











INSTRUMENTS PUBLISHING CO., INC. 
845 RIDGE AVE PITTSBURGH 12, PA. 


| SUBSCRIBERS VERIFICATION FORM 


February 1957) 


I 2S as ass 
(No. and Street) 


Check which 


SPECIFICATION [1] 





Name. 















Gentlemen: | request that my name be placed on the mailing list to receive MILITARY AUTOMATION. (First issue— 


Complete information must be given. TYPE OR PRINT LEGIBLY, please. 


Sa ck ca 


NE LEER TE LTE RTT EE Ie Se ON OEE eR OE AC ee 


organization's) in the field of military electronics and controls .. . 
DESIGN [(] DEVELOPMENT [] RESEARCH [] MANUFACTURE [) 


Please sign your name here and date here 


DO A FRIEND A FAVOR—If you think an associate would benefit from re- 
ceiving his own copy of M-A, please list his name and address below. 


DODOtOMON?... .........<0.....0:.ces000e0- 


See oes 
(If you want more cards for other ensnehaien, check here () 


(City) (Zone) (State) 
ONE of the following best describes YOUR function (NOT your 


PURCHASE [] INSTALLATION (] MAINTENANCE (] 
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| NO CHARGE AND NO OBLIGATION 





COGNIZED RELIABILITY 
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peysenbey /pge w0g 





Section of 50 hour pre-aging rack 


; WER DESIGNS commercial standard power supplies 


are being furnished for ground telemetering equipment 


in the EARTH SATELLITE erosram. 


We have been manufacturing precision power sources for electronic 


instrumentation for 15 years. Can we be of service in the solution of your 


power supply problems. Literature available. Write Dept. 1-2-1. 


Power Desjons ine. oi st 


STABLE POWER SOURCES FOR ELECTRONIC INSTRUMENTATION 


For more information circle 46 on inquiry card. 
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